
- 

(THRU) 

(CATEGORY) 

I I 

I 

I 
I I 

I 

I I 

I 
I 

I I 

I 
I I 

I I 

I 
I 
I 
I 

I 
I I 

I .. 
I 
I 

E 
N 
G 
I 
N 
E 
E 
R 
I 
N 
G 
I 
I 

I 
I I 

I 

I I 

P 
L 
A 
N 
N 
I 
N 
G 
I 
I 

I - 
I 
I 
I 

J E T  P R O P U L S I O N  L A B O R A T O R Y  

P A S A D E N A .  CALI F O R  N I A  

CALIFORNIA I N S T I T U T E  OF T E C H N O L O G Y  





Copyright 0 1963 
Jet Propulsion Laboratory 

California Institute of Technology 



EPD-129 

PREFACE 

covered by a dense blanket of clouds. 

Venus has been re to as the Earth's b i n .  It has an estimated diu 
of 7800 miles, as Also, i t  i s  bel 
to have a mass and gravitational f ield similar to that of Earth. 

red to 7926 mi les for the Earth 

cause i t  was not observ 
evening skies, ancient as 

During i t s  nearly circular orbit, Venus comes within 26,300,000 miles of the 
Earth at closest approach or inferior conjunction. At superior conjunction, or 

hich the Earth and Venus are at opposite sides of the Sun, i t  i s  
162,000,000 mi les away 

throughout the night, but appear 
nomers thought Venus to be 

Inferior conjunction occurs every 584 days, thus providinga launch o p ~ r t u n i ~  
sed space probes each 19 months. As Venus approached inferior 

conjunction in August 1962, Mariner 2 was launched to intercept the planet 
nearly 4 months later, and to attempt to gather scientific data about the 
mystery planet and transmit i t  back to earth. 

One of the puzzling features is the changeable dark and light markings that 
appear on Venus' cloud layer. Scientists have speculated t t these markings 
could be breaks in the cloud cover,but there has been l i t t le  agreement as yete 

other outstanding characteristic of Venus i s  i t s  
close to the Sun and has a reflective 
object in our sky, after the Sun and 

d layer, Venus i s  the third ~ r j ~ h t ~ t  
e I t s  reflectivity i s  measured about 

t, as compared to 7 percent for our 

Spectrographic studies  identification of materials by presence of  abso 
features, lines, or bands i n  the spectru 

bon dioxide and nitrogen, but pro 
~ ~ r e m e n t s  taken in the infrared 

seem to indicate that Venus contains 
bly l i t t le free oxygen or water vapor. 
ion of the electromagnetic spectrum 

ere i n  the atmospher~, 
ouds. The microwave 

on$, however, show temperature of as much as 800°F at, or somewhere 
, the surface, 

indicate that temperatures of minus 38OF exist som 
probably at or somewhere near the top of  the visib 

Sc~entists are still not in agreement as to the altitude from which these tem- 
, there i s  one theory hat Venusian ionosphere, 
lectron density of the rth, gives the j m p r ~ s s ~ ~ ~  

lii 
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SECTION I 

TFIE I\IlARII?1’ER 2 MISSIOR’ 

Mariner 2 ,  the second of a series of spacecraf t  designed and developed fo r  pl  

exploration by t h e  Jet Propulsion Laboratory of California Institute of Technology, 
launched on August 27,  1962, at 1:53:13:9 a. 1x1. (EST) f rom the  Atlantic Missile Range, 
Cape Canaveral ,  Florida,  by the  National Aeronautics and Space Administration. 

Mariner  1,  launched at 4:21 a. m. (EST) on July 2: f rom the Atlantic M i s s i l e  Range 

was destroyed by  the Range Safety Officer a f t e r  approximately 290 seconds of flight because 
of a devlation from the planned flight path. 

Measures w e r e  taken to  co r rec t  t he  difficulties experienced in the  Mariner  1 launch, 
including a m o r e  rigorous checkout of t he  Atlas rate beacon and revision of the data-editing 
equation. T h e  data-editing equation is designed as a guard against acceptance of faulty data  
by the  ground guidance equiprnent, 

The  Llariner 2 spacecraf t  (Fig. 11, ca r ry ing  s i x  scientific experiments,  w a s  identical 
t o  Rlariner 1 and had the  s a m e  mission: to fly by the  planet Venus  and perform two scientific 
experiments - -  close-range infrared and microwave measurements  - -  and to  communicate 
this Information over  an interplanetary distance of 36 ,  000, 000 mi l e s  back t o  Earth. F o u r  

scientific experiments were perforrnrcl d u r i n g  the  flight, and in the  vicinity of Venus, t o  

collect and t r ansmi t  information on interplanetary phenomena. 

T h e  flight t ime  for  Mariner  2 was approximately 109 days. T h e  over-all  flight distance 

was approximately 180 million miles.  
Earth-launched spacecraf t  and w a s  within the  desired m i s s  distance. 

Mariner  passed c l o s e r  t o  Venus than any previous 

NASA assigned two launches fo r  Rlariner in 1962 because of the inherent difficulty of 
an interplanetary mission, and to  take advantage of the period that y e a r  during which Venus 
w i l l  be close t o  Earth,  

( in  1964). 

T h e  next launch opportunity fo r  Venus w i l l  not occur  f o r  19 months 

Mariner  tracking and communication w a s  provlded by JPL’s Deep Space Instrumentation 

Facil i ty,  with permanent stations at Goldstone, California; Woomera,  Australia;  and Johan- 
nesburg, South Africa; and mobile stations at Cape Canaveral  and n e a r  the  permanent station 
at Johannesburg. 
Space Flight Operations Center  for correlat ion by a n  IBM 7090 computer system. 

T h e s e  stations t ransmit ted data received f rom the  spacecraf t  t o  JPL’s 

I- 1 
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F igure  1. This  photograph of Mariner  2 shows some  of the scientific and engineering 
equipment aboard the  spacecraft .  Mariner  2 in i t s  c ru ise  position i s  16. 5 feet 

in  span, about 12 feet in height, and weighs 448 pounds 
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A. SPACECRAFT DESCRIPTION 

The Mar iner  2 weighed 448 pounds and, in the launch position, w a s  5 
a t  the base  and 9 feet ,  11 inches in height. In the c ru i se  position, 

Table 1. Mariner 2 data 

Lounch vehicle Itius-Ageno U 

Dimens ions (launch veh icle) 

Total height (with llurzner spocecraft plus shroud) 100 plus feet 

1 I las 66 feet 

4gt.na u 22 feet 

Mariner (with shroud) 12 feet 

Dimen si ons (,tlnrrner) 

In launch position (panels folded): 

Diometer 5 feel 

Height 9 feet 1 1  inches 

In cruise position (panels unfolded): 

Span 16 feet 6 inches 

Height 11 feet 11 inches 

Weight (MurcnPr 2) 

Structure 77 pounds 

Solar panels 48 pounds 

Electron ics 146 pounds 

Propulsion 32 pound. 

Launch-backup bottery 33 pounds 

Mi scel loneous equipment 71 poundr 

Scientific experiments 41 pounds 

Gross weight 448 poundr 

- /  

The design w a s  a variation of the hexagonal concept used for  the JPL Ranger s e r i e s ,  
The  hexagonal f ramework base  housed a liquid-fuel rocket motor  f o r  t ra jec tory  correct ion,  
and s ix  modules containing the attitude control  sys tem,  electronic c i rcui t ry  for  the scientific 

experiments,  power supply, battery and charger ,  data encoder and command subsystem, 

digital computer and sequencer,  and radio t ransmi t te r  and receiver .  
control je ts  w e r e  mounted on the ex ter ior  of the base  hexagon. 

Sun senso r s  and attitude 

A tubular supers t ruc ture  extended upward f rom the base  hexagon. Scientific experi-  

ments  w e r e  attached t o  this  framework. 
of the  supers t ruc ture  (Fig,  2). 
below the base  hexagon. 
up alongside the spacecraf t  during launch, parking orbit, and injection phases,  and are un- 

folded l i k e  butterfly wings when the craf t  is in space.  
t ransmissions from Ear th  w a s  mounted on one of the panels. 

An omnidirectional antenna w a s  mounted at the peak 
A parabolic,  high-gain antenna (Fig.  3)  w a s  hinge-mounted 

Two s o l a r  panels were a l s o  hinged to  the base  hexagon. They fold 

A command antenna for  receiving 
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Figure 2. Mariner  2 spacecraf t  on tes t  stand at  J e t  Propulsion Laboratory. Solar panels 
that convert sunlight to  electricity are not attached to spacecraf t  f o r  th i s  tes t .  

Note omnidirectional antenna a t  ex t r eme  right 

1-4 
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F igu re  3 .  Technician makes adjustment on Mariner  2 spacecraf t  at Jet Propulsion Laboratory. 
In foreground is dish-shaped, high-gain antenna capable of transmitt ing data  

f rom spacecraf t  t o  Earth over  interplanetary dis tances  

I- 5 
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and a maximum of 222 watts. The  amount of power available f 
t o  increase  slightly during the mission due t o  the increased int 
ce l l  had a protective g lass  f i l ter  that  reduced the amount of h 

does not in te r fe re  with the energy conversion process .  The  glass e 

The power subsystem converted electr ic i ty  f rom the s o l a r  panels and batte 

ac ,  2400-cps; 26-volt ac ,  400-cps; and 25.8- t o  33.3volt dc power. 

P r i o r  t o  deployment of the s o l a r  panels, power w a s  supplied by a 33.3-pound, s i lver -  

zinc, rechargeable battery with a capacity of 1000 watt-hours. The  recharge capability w a s  
used to  meet  the long-term power requirements  of the Venus mission. The  bat tery supplied 

power direct ly  fo r  switching and shar ing  peak loads with the s o l a r  panels and a l so  supplied 
power during t ra jec tory  correct ion when the panels were  not directed at  the Sun. 

Two-way communication aboard the Mariner  2 w a s  supplied by the rece iver l t ransmi t te r ,  
two t ransmit t ing antennas: the omnidirectional and high-gain antennas; and the command 

antenna for  receiving inst'ructions f rom Earth.  
3 watts. 

The  spacecraf t  t ransmit t ing power w a s  

The  high-gain antenna w a s  hinged and equipped with a dr ive  mechanism allowing i t  t o  

be pointed at  the Ear th  on command. 
the r i m  of the high-gain, dish-shaped antenna to  sea rch  fo r  and keep the antenna pointed a t  
the Earth.  

An Ear th  senso r  w a s  mounted on the antenna yoke near  

Stabilization of the spacecraf t  fo r  yaw, pitch, and ro l l  w a s  provided by ten cold gas  

je t s  mounted in four locations, fed by two ti tanium bottles containing 4.3 pounds of nitrogen 

gas pressurized to 3500 pounds per  square  inch. The  je t s  were  linked by logic c i rcui t ry  t o  

th ree  gyros in the attitude control subsystem, to  the Ear th  senso r  on the parabolic antenna 

and to  s ix  Sun senso r s  mounted on the spacecraf t  f r ame  and on the back of the two so la r  
pan e 1s. 

The  four pr imary  Sun senso r s  were  mounted on four of the s i x  legs of the hexagon, and 
These  were l ight-sensit ive the two secondary senso r s  on the backs of the s o l a r  panels. 

diodes which inform the att i tude control sys tem - -  gas je ts  and gyros -- when they s e e  the 

Sun. The  attitude control system responded to these  s ignals  by turning the spacecraf t  and 
pointing the longitudinal o r  rol l  axis  toward the Sun. Torquing of the spacecraf t  fo r  these 

maneuvers w a s  provided by the cold gas je t s  fed by the nitrogen gas  regulated to  15 pounds 
per  square inch p res su re .  
at t i tude control for a minimum of 200 days. 

Enough nitrogen w a s  provlded t o  operate  the gas je ts  t o  maintain 

I- 6 
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Figure 4. Mariner  2 spacecraf t  shown in launch position with s o l a r  panels folded. 
A f t e r  launch, panels are extended, spacecraft  is oriented toward Sun and 

s o l a r  cells on panels convert  sunlight t o  electricity. Plastlc extension 
on panel, right, compensates f o r  additional segment  on left panel 

I- 7 
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Figure 5. Techniclan adjusts solar panel on iilariner 2 spacecraft  a t  J e t  Propulsion 
1,aborator-y. Solar cells on panel convert s u n l ~ g h t  to electricity 

1-8 
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Cortiputation for the s \ ibsys te~ns  and the issuance of commands w a s  a function of the 

digital central  coii1puter anti sequencc3r ( C C &  7). A l l  events of the spacecraf t  were activated 

. The launch sequence controlled events from launch through the 

c ru ise  mode. 
rection maneuver. 

i n  the v ic in i t )  o f  V e n u s ,  

The micicourse propulsion sequence controlled the rnidcourse t ra jectory cor -  

The encounter sequence provided required commands fo r  data collection 

The C r K * ;  provided the basic  timing for the spacecraf t  subsystems.  T h i s  t ime base 
w a s  supplicti by a crvstnl-controllecl osci l la tor  in the CC&5 operating at 307. 2 kilocycles. 
This f r ~ q u e n c y  was rlivirlctl down to 3 8 ,  4 hilocycles for t iming in the power subsystem, and 

clivitlcci again t o  2400 anci 400 cyclc>s p r  sccond for use by various subsystems.  

osci l la tor  ~)ro\- i~lct l  t l i c  basic "counting" rate  for the C C & 5  to  determine is5uance of commands 

at ttit.  riplit t inic  i n  t l iv  t l i r . 1 ~ r 3  iequences.  

The control 

The ib>ystc ,u,a clusterc~cl arounct t l i t .  bas<. o f  the spacecraf t  were insulated from the. 

Sun's h m t  by a i h i t > I t l  c o v ~ ~ r c d  v i t t i  1art.r s of al~irriinurn-coated plastic film. At the bottom of 
thP S r ) a l  c 'Cl .a f t ,  J!l',T t ) t ' l i  the subs:,-;ten rrioclules, was a second tempera ture  control shield. 
It prcveiite>il ten) rLii)i(i los5 o f  hcat i n t o  space, w h i c h  would make the required tempera tures  

t i i f f i c - u l t  to  n::rintain. 
control p ~ ' o t ) l v r i i .  

The t u o  s h i t ~ l ~ i s  f t i r m  a s a n d w i c h  tliat helped to  minimiye the heat- 

Teii.I)"rature control o f  the nttit~itlc. control subsj i t t , r i l  w a b  prowtied kc louvers  actuatecj 
by coileti t2:inetallic strips. 

heat an t i  c 001. 

vcrt ical  o n  the facc ot thc. attitur!c> cont ro l  box anti rcgulate t ' i e  alnount o f  heat flowing into 

s pace ~ 

The s t r i i ) s  :ict a i  roi l  \ [ ) r ings  that expand and contract  as they 

This wcchanical action opt'n-, aiid closes thc l o u v e r s ,  The louvers were 

Paint pat terns ,  a lu rn inun i  shcr>t, t h i n  goI(! plate, and polished aluminum sur faces  -were 

iiscti on illariner 2 for pa These sur faces  control both 

t h e  ainount o f  internal heat riis.iipateti into space and the amount of solar. ht%at r t f lected away, 

a 1 low 1 n g the o f  t e t i i  p r  rat  11 r e  li n 
testing of a teitiperatui'r. control j i i o c l c * l ,  which 

anticipated i n  thr Venus n i i  

ive control ot 1 nternal temperatures .  

11 s I i t i 1  ent The patterns were determined from a 
s rhject  t t 3  to the variat  i on i  of t en )  peratt ire 

on ; n  a space sin2ulation chamber  at ,JPIJ. 

Coinrr?univation with the spac(3craft was i n  citgital form. The conimand subsystem 

aboard the Xlariner ~lecodetl 11icn1 

systcnls.  
t ransmission to  F h r t h .  

ng digital commands and sc>nt therri to the designated sub- 

Data frorii engineering am1 scientific sources were  encoded to digital form for  

1-9 
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Synchronizing pulses w e r e  spaced at regular  intervals between the  data  signals f rom 
hlar iner  2. 

with the pulses f rom the spacecraft .  

s igna ls ,  allowing receiving equipment to sepa ra t e  data signals f rom noise. 

Ground-based receiving equipment generates  Identical pulses and matches them 
'This r e fe rence  determined the  location of the  data 

Six scientific experiments  w e r e  c a r r i e d  aboard klar iner  2. F o u r  of these w e r e  designed 

to collect information in space  and in  the vicinity of Venus, 
tion solely on Venus and operated only as Mariner  passed the  planet. 

T h e  other  two provided informa- 

The  experiments were: 

klicrowave radionieter experiment to measure  tempera ture  distribution on the 
p lane t ' s s u r f ac e ~ 

Infrared rad iometer  experiment t o  provide inforniation on the distribution of 

thermal  energy in the planet's atmosphere.  

l lagnetonieter experiment t o  determine thc  th ree  mutually perpendicular comp- 
oncarits of the riiagnetic field i n  interplanetary space between Ea r th  and Venus, and 

i n  the vicinity of Venus at planetary encounter. 

Chargpci particle expc'ri ~rient t o  detect the distribution, variations,  and energies  

of elertr-ically charged particles in  space and in the  vicinity of Venus, and the  

r a t e  a t  which chargetl particlcs l o se  energy. 

P l a s m a  cxperirrient t u  obtain Information on the extent, varLations in, and the 

mechanism of the s o l a r  coi~oiia. 

I \ l icrometerorite experimcnt to  nieasurc the  density of cosniic dust par t ic les  which 
rxtst in interplanetary s p a c e  and i n  the vicinity of Venus. 

The microwave ra(1iometer w a s  mechani;.ed t o  scan  Venus during the fly-by, The  

infrared expcrinient w a s  attac1ic.d to thr. i-irn of t h e  dish-shaped microwave device and scan -  

net1 w i t h  the l a r g e r  instrument. 

E'rojcct nianagcment fo r  the Vpnus  mi  nn was assigned to  the  J e t  Propulsion I,abor- 

a to ry  of California Institute of Technology hy the hat ional  Aeronautics and Space Admin- 

istration. 
flight oprrations.  
tlic lautich vr.hiele, with the support  of thc I 'SAF ';pace systeriis Division. 
Astronautics provide(1 the  Atlas  TI f i r s t  Stage, 1,oc'kheetI Llissiles and Cpace Company the 

Agena R secontl stage. 

This  assignment inclutlecl responsibility for  the spacvcraf t  sys tem and space  
The filarshall Space Flight Center  had the  responsibility for  prowding 

General  Dynamics 
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Management personnel associated with the Mariner  Project  were: F r e d  D. Kochendorfer, 

Mariner  P rogram Chief, NASA Headquarters;  D. L. Forsythe,  Agena P rogram Chief for 
NASA; Robert  J. Parks ,  Planetary P rogram Director  fo r  JPL; J. N. James ,  JPL Mar iner  

Project  Rlanager; W. A. Collier,  JPL  Assistant P ro jec t  Manager; Dan Schneiderman, J P L  
Spacecraft System Manager; F r i ed r i ch  Duerr ,  MSFC Launch Vehicle Systems Manager; 

Major J. G. Albert, Mariner  Launch Vehicle Director  f o r  AFSSD; and H. T, Iduskin, Director  
for NASA Programs,  Lockheed Missiles and Space Company. 

Several  factors  made the  Venus mission difficult: the  long flight t ime,  subjection of the 

spacecraf t  t o  a prolonged variation in temperature ,  unknown radiation effects in interplanetary 

space,  t ransmission of a considerable amount of information over  a n  extreme range, and a 

complex t ra jectory problem. 

Slariner 2 w a s  launched by an Atlas D-Agena B booster  vehicle ( F i g .  6). ‘The Atlas 

and the Agena boosted the spacecraf t  t o  an altitude of 115  statute miles. 

Mariner  2 used the parking orbit technique, which i s  a means by which the geometry 

imposed on a Venus launch by t h t  location of the Atlantic hlissile Range at Cape Canaveral ,  
Flor ida,  is co r rec t ed  by using the second-stage rocket as a mobile launching platform i n  

space. 

During the launch phase, the Mariner spacecraft w a s  protected against aerodynamic 
heating by a shroud. After Atlas cutoff, approximately 5 minutes after. liftoff, the  shroud 

was jettisoned by eight spring-loaded bolts which shoved it ahead of thp vehicle. 

the s a m e  t ime ,  the Agena €3 separated from the Atlas. 
an attitude almost  15 deg rees  above the local horizon.to a lmost  level with the local horizon. 

At a lmost  

The  Agena €3 then pitched down from 

In th i s  horizontal attitude, t he  Agena B f i red  f o r  the first t ime  and burned fo r  a lmost  

1 minute t o  reach orbital  speed of about 18, 000 mi l e s  p e r  hour. 
Agena R shut down and coasted in a parking orbit fo r  m o r e  than 13 minutes until it reached 
the optimum point in  t ime  and space  t o  flre for t he  second time. 

After th i s  burning t ime, 

T h t  second Agena R burn injected the Agena B and klariner,  still as one unit, on a n  

escape t ra jectory at 25, 700 miles  p e r  hour. 
s ion Island in  the  South Atlantic Ocean, about 25 minutes after launch. 

Injection occurred  approximately over  Ascrn-  

A l i t t le  more  than 2 minutes after second burn cutoff, o r  injection, kIariner 2 w a s  
separated from Agena, again by spring-loaded bolts. 

140 degrees  in the  local horizontal plane and performed a r e t r o  maneuver which reduced t h e  
velocity and moved the Agena into a different trajectory.  Propulsion for the  r e t r o  maneuver 

w a s  provided by ejecting the  unused fuel on the Agena through s m a l l  j e t s .  
maneuver se rved  two purposes:  

Agena then yawed (turncd sideways) 

The  r e t r o  

1-11 
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MARINER SPACECRAFT 

ATLAS BOOSTER 

RADIOMETER R 

TEMPERATURE CONTROL 

SOLAR PANE 

ION CHAMBER 

P R I M A R Y  SUN SENSOR 
H IGH- G A I  N A N T E  N N  

Flgure  6. On left o f  th is  composite photo of scale models, the hlar-iner 2 spacecraf t  can  be 
seen  in i t s  launch position atop the Atlas-Agena B booster  vehicle. 

with solar panels extended in c r u i s e  mode 1s shown a t  right. 
T h e  spacecraf t  
Pr incipal  

components and instrumentation a re  indicated 
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(1) It prevented the unsteri l ized Agena f rom impacting Venus. 

(2) If Agena B follows Mariner  too closely, the spacecraf t  optical s enso r s  might 

mistake reflected sunlight f rom Agena f o r  the Sun or Ear th  and confuse i t s  

acquisition program. 

Mariner  2 w a s  now on a t ra jec tory  that would take it within 376,000 kilometers of 

Before and during launch, the t r ansmi t t e r  had been kept a t  about 1.1 

Venus. 

3 w a t t s  of power. 
watts. 

a c r i t i ca l  a r e a  between 150,000 and 250,000 feet, where a tendency exis ts  fo r  devices using 
high voltage to  a r c  over  and damage themselves;  hence, the t r ansmi t t e r  i s  kept at reduced 

power until this area i s  passed. 

The  omnidirectional antenna w a s  working and radiating the radio t ransmi t te r ' s  full  

This  lower power is required during the period the launch vehicle passes  through 

Mariner  2 w a s  designed to  conduct the following sequence of events on i t s  flight t o  
Venus: 

The  first command w a s  issued by the CC&S 44 minutes a f t e r  launch. Explosive pin 
pullers holding the s o l a r  panels and the rad iometer  in the i r  launch positions were  detonated 
to  allow the spring-loaded s o l a r  panels to open and a s s u m e  the i r  c ru i se  position, and t o  free 
the radiometer  to s c a n  Venus as the spacecraf t  passes  the planet. 
w i l l  not function until Venus encounter, it w a s  convenient t o  unlock i t  a t  this  point. 

Although the rad iometer  

At launch plus 60 minutes,  the CC&S turned on the att i tude control sys tem and the Sun 

acquisition mode began. 
moved the spacecraf t  about until i t s  longitudinal axis  w a s  pointed a t  the Sun, thus aligning 

the s o l a r  panels with the Sun. Both the gyros and the  Sun s e n s o r s  can activate the  gas  je t  

valves. 
Sun acquisition. 

The  Sun senso r s ,  linked to  the valves controll ing the gas  je ts ,  

A back-up radio command capability w a s  provided to  init iate the CC&S function and 

In o r d e r  t o  conserve gas, the attitude control sys tem permit ted a pointing e r r o r  toward 
the Sun of 1 degree,  o r  0 .5  degree on each s ide  of dead on. 
control  sys t em w a s  calibrated to  keep Mariner  slowly swinging through this  1 degree of arc 
pointed a t  the Sun. As Mariner  neared the 0.5- 
degree l imit  on one s ide,  the s e n s o r s  signaled the gas je ts  and they f i red again. 
w a s  repeated through the effective life of Mariner.  

f i r e  1/50 of a second each 60 minutes to  keep the spacecraf t ls  s o l a r  panels pointed at the Sun. 
When the Sun w a s  acquired,  the gyros were  turned off t o  avoid having an  unnecessary power 
demand and t o  conserve the  life of the gyros. 

The mixing network in the att i tude 

The  swing took approximately 60 minutes. 

This  process  
It w a s  calculated that the  gas  je t s  would 
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The  Sun acquisit ion process  was designed to take less than 30 minutes. When it w a s  
completed, the secondary Sun s e n s o r s  on the backs of the solar panels w e r e  turned off to 
avoid having light f rom the Ea r th  confuse them. 

A s  soon as the s o l a r  panels were  locked on the Sun, the  power sys t em began drawing 
The  bat tery would now only supply power in  the event of a e lec t r ic  power f rom the panels. 

peak demand that the panels could not handle. 
t o  recharge  the battery.  

Excess  power f rom the panels would be utilized 

The  next event initiated by the  CC&S w a s  the acquisit ion of Ear th  by the high-gain, 

The  Ear th  s e n s o r  used t o  align the directional antenna, 167 hours  ( 7  days)  a f te r  launch. 
antenna w a s  so sensi t ive that i t  would not operate  properly if used earlier. 
radio command capability w a s  provided t o  back up the initiation of this event. 

Once again, a 

During Ear th  acquisition, the spacecraf t  maintained i t s  l ock  on the Sun, but with i t s  
high-gain, direct ional  antenna pointed at a prese t  angle, it rolled on its long axis  and s t a r t ed  
to  look for  the  Earth.  
Ear th  senso r  mounted on and aligned with the high-gain antenna. 
s e n s o r  sees the Ear th  and informs the gas  jets.  

s e n s o r  and thus lock onto the Earth.  

It did this by means of the three-sect ion photo-multipher-tube-operated 
During the rol l ,  the Ea r th  

The  je t s  f ire to  keep the Ear th  in  view of the 
The  s e n s o r  had a lens sys t em to magnify the Ea r th  image. 

The  spacecraf t  now i s  stabil ized on two axes - -  the s o l a r  panel-Sun axis and the Ear th-  
directional antenna axis. T h e r e  w a s  some  danger  that the Ea r th  senso r ,  during its s e a r c h  

fo r  the Earth,  may see the hloon and lock onto that body, but te lemet ry  later would inform 
Ear th  stations if  th is  had occurred,  and the Goldstone station had the ability to  send an over-  
r ide  command to the att i tude control sys tem t o  tell it t o  look again for  the Earth. If this were  

not sufficient, the station could have sent  a hinge over r ide  command to change the  hinge angle 

and then o r d e r  another  ro l l  s ea rch .  
t ransmit t ing on the omni-antenna and w a s  switched to the high-gain antenna. 

When the Ear th  w a s  acquired, the t r ansmi t t e r  stopped 

A r i s e  in s ignal  s t rength indicated that Ear th  acquisition had been achieved by the high- 

gain antenna. 
the  antenna hinge. 

Posi t ive proof i s  afforded by analysis  of te lemet ry  t o  determine the angle of 

With Sun and Ear th  acquisition achieved, Mar iner  2 w a s  now in i ts  c ru i se  mode, which 

continued until t ime  for  the midcourse t ra jec tory  cor rec t ion  maneuver. 

Tracking data collected by the DSIF s ta t ions w a s  sen t  t o  JPL  and fed into the 7090 

computer  system. 
cour se  required to  yield a 10, 000-mile fly-by. If guidance e r r o r s  before  injection have put 

Mar iner  off the optimum t ra jec tory ,  the computer provides the necessa ry  data to  command 

The  computer  compared the actual  t ra jec tory  of the Mar iner  with the 

1-14 



EPD-129 Section I 

the spacecraf t  t o  alter its t ra jectory.  This  involves commands fo r  roll, pitch, and motor  

burn. 
the additional velocity required to  change direction of travel. 

Roll and pitch point the spacecraf t  f o r  the t ra jec tory  correction. Motor burn provides 

Midcourse correct ion (Fig.  7)  of the  Mariner  2 t ra jec tory  occurred  on September 4, 

1962. 
the second gave the direction and amount of pitch needed, and the th i rd  the amount of velocity 

increment  needed. 
command. 

The first command f rom Goldstone gave the direction and amount of ro l l  required,  

This  data w a s  s tored  i n  the CC&S until Goldstone t ransmit ted a "go" 

P r i o r  t o  this  command, Goldstone ordered  Mar iner ' s  t r ansmi t t e r  t o  switch f rom the 

directional antenna at  the base  of the c raf t  t o  the omnidirectional antenna mounted a t  the peak 

of the supers t ruc ture .  

Commands preprogrammed in the CC&S fo r  the midcourse sequence initiated the 

following events : 

(1)  The  Ea r th  sensor ,  mounted on the dish-shaped antenna, w a s  turned off. 

( 2 )  The  hinge-kounted directional antenna moved out of the path of the midcourse 

motor ' s  exhaust. (The gyros had been turned on an  hour  e a r l i e r  t o  warm up. ) 
During the maneuver,  the gyros informed the att i tude control subsystem of the  
r a t e  of pitch and ro l l  as they occurred  for  reference against  the o rde r s  f rom 

Earth.  
r a t e s  during motor  burn to  the CC&S. 

represented a velocity increment  of 0.03 me te r  pe r  second. 

A pulse-balanced acce lerometer  w a s  turned on to  provide accelerat ion 

Each pulse f rom the acce lerometer  

The ro l l  maneuver requi res  a maximum of 12 minutes of t ime, including 2 minutes of 
set t l ing t ime,  and the pitch maneuver requi res  a maximum of 22 minutes. 

were  completed, the midcourse motor  w a s  turned on and burned fo r  the commanded time. 
A s  the att i tude control gas je t s  are not powerful enough to  maintain the stabil i ty of the space-  

craft during the propulsion phase of the midcourse maneuver,  movable je t  vanes extending 

into the exhaust of the midcourse motor  control the att i tude of the spacecraf t  during this  
period. 

When these  events 

The je t  vanes were  controlled by a n  autopilot subsystem in  the  att i tude control  sys t em 

The  autopilot accepts  information f r o m  that functions only during the  midcourse maneuver.  

the gyros to  direct  the thrus t  of the motor  through the spacecraf t ' s  cen ter  of gravity t o  
s tabi l ize  the craft .  
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The liquid monopropellant midcourse motor  weighed,with fuel and the nitrogen p r e s s u r e  
Hydrazine fuel w a s  held in a rubber  bladder inside the propellant * 

On the command to  fire, nitrogen under 3000 pounds of 
gas system, 3 7 . 3  pounds. 

tank (a doorknob-shaped container). 
p re s su re  per  squa re  inch in i t s  supply tank, w a s  admitted inside the  propellant tank and 

squeezed the rubber  bladder,  forcing the fue l  into a combustion chamber.  

Hydrazine i s  a monopropellant fuel and requi res  ignition to  s t a r t  the combustion pro- 
cess. 
chamber  by means of a pressur ized  car t r idge  and causes  ignition, 
aluminum oxide pellets,  is s tored  in the combustion chamber  t o  control the combustion 
process .  

A s ta r t ing  fluid, in  this  ca se  nitrogen tetroxide, i s  admitted into the combustion 

A catalyst ,  consisting of 

Burning s tops when the valves turn off nitrogen p r e s s u r e  and flow of fuel. 

The  midcourse motor  i s  s o  prec ise  that it can burn in burs t s  of as li t t le as 2/10 second, 
and can increase  velocity by as li t t le as 7/10 foot pe r  second, o r  as much as 200 feet pe r  

second. It has a thrus t  of 50 pounds for  a maximum of 57 seconds.  

After the midcourse maneuver put Mariner  2 on the desired t ra jec tory  for  Venus 

encounter, the spacecraf t  again went through the Sun and Ea r th  acquisition modes. 

During midcourse maneuver,  Mariner  t ransmit ted through the omni-antenna. When the 
Ea r th  w a s  acquired,  the t ransmi t te r  w a s  switched to  the high-gain directional antenna. 

antenna w a s  used fo r  the  duration of the flight. 

This  

Mariner  2 continued in the c ru i se  mode until planet encounter. During this period, 

t racking data f rom the three  permanent DSIF stations w a s  sen t  to  JPL  w h e r e  the 7090 computer 
sys tem refined the ea r l i e r  calculations for planet encounter made a t  launch. 

The  CC&S w a s  programmed to  begin the encounter sequence 10 hours i n  advance of 

encounter. 
before encounter in the event that the spacecraf t  might fail  t o  perform the midcourse t r a -  
jectory correction. If this should occur,  then the predicted encounter t ime could vary  in 
t ime  up to  10 hours.  
capability of predicting the t ime  of encounter to  within 15 minutes. 

This  allows t ime  for  calibration of the planetary encounter scientific instruments  

Under any circumstances,  the tracking-computer sys tem had the 

At the 10-hour period, the CC&S would switch out the engineering data sources ,  leaving 

on the interplanetary science experiments,  and turn on the two planetary experiments.  
the fly-by, only scientific data will be  collected and transmitted.  

During 

The  radiometer  w a s  designed t o  begin with a fas t - search  wide scan  until Venus i s  
sensed  and then go into a slow scan. 

112 hour  as Mariner  2 passes  the planet. 

The planetary experiments  collected data on Venus for  
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The  encounter mode of t ransmiss ion  -- scientific data only -- will continue 56. 7 hours  

after encounter. 
sou rces  and, again in  the c ru i se  mode, both engineering and interplanetary scientific data 
w i l l  be  transmitted.  

of being performed by a bacFup radio ground command. 

At the  end of this  period, the CC&S will switch on the engineering data 

Both the s t a r t  and s top  of the encounter mode of operation w a s  capable 

C. SCIENTIFIC EXPERIMENTS 

The  Mariner  2 spacecraf t  ca r r i ed  s i x  scientific experiments (Table 21, represent ing 
the efforts of scient is ts  a t  nine institutions: The Army Ordnance Missile Command, the 

California Institute of Technology, the Goddard Space Flight Center  of NASA, Harvard 

College Observatory,  the J e t  Propulsion Laboratory,  the Massachusetts Institute of Technology, 

the State University of Iowa, the State University of Nevada, and the University of California 
a t  Berkeley. 

Table 2. Mariner 2 scientific experiments 

Experi m en t s 

Microwave radiometer 

Infrared radiometer 

Magnetometer 

Ion chamber and particle 
flux detector 

Cosmic dust detector 

Sal ar p I a sma spectrometer 

Description 

Determine the temperature of the planet 
surface and details concerning i t s  
atmosphere 

Determine any fine structure of the 
cloud layer 

Measure changes in the planetary and 
interplanetory magnetic f ields 

Measure charged-particle intensity and 
distribution in interplanetory space 
and in the vic in i ty of the planet 
Venus 

Measure the density and direction of 
cosmic dust 

Measure the intensity of low-energy 
protons from the Sun 

Experimenters 

Dr. A. ti. Barrett, Massochusetts Institute 
of Technology; D. E. Jones, JPL; 
Dr. J. Copeland, Army Ordnonce 
Missi le Command; Dr. A. E. L i l ley ,  
Harvard College Observatory 

Dr. L. D. Kaplan, JPL and University of 
Nevada; Dr. G. Neugebauer, JPL, Dr. 
C. Sagan, University of California, 
Berkeley 

P. J. Coleman, NASA; Dr. L. Davis, 
Caltech; Dr. E. J. Smith, JPL; Dr. C. 
P. Sonett, NASA 

Dr. H. R. Anderson, JPL; Dr. H. V. Nehei 
Caltech; Dr. J. Van Allen, State 
University of Iowa 

W. M. Alexander, NASA Goddard Space 
Fl ight  Center 

M. Neugebauer, and Dr. C. W. Snyder, JPl 

The two planetary experiments  were  a microwave rad iometer  and an  infrared radio- 
They were t o  operate  during a period of 30 minutes and a t  distances r a n s n g  f rom 

These  radio- 
meter .  
approximately 23,400 miles  t o  14,000 mi les  as Mariner  approaches Venus. 
me te r s  obtained information about the planet 's  t empera ture  and atmosphere.  
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The  other  experiments made scientific measurements  during the c r u i s e  through in te r -  
planetary space  and in the near  vicinity of Venus. They were: a magnetometer;  charged- 

par t ic le  detectors,  including an  ionization chamber  and seve ra l  Geiger-Miieller counters;  
a cosmic dust detector;  and a s o l a r  plasma detector. 

One of the important considerations in choosing these experiments w a s  the compromise 
between what sc ien t i s t s  would l ike to  measu re  durlng the mission and what w a s  technologically 
possible. 
about 41 pounds could be allocated to  scientific experiments.  

F o r  example, of the 448 pounds that could be placed in a Venus t ra jectory,  only 

Another res t r ic t ing  fac tor  w a s  time. Venus i s  in a favorable position fo r  investigation 

by a Mariner-type spacecraf t  only during a period of a f e w  w e e k s  every 19 months. 

In addition, scient is ts  asked L’Iariner 2 to convert  e lec t r ica l  power f rom the sunlight, 

report  its findings f rom as far as 36,000,  000 miles and, although sensi t ive and unattended, 

remain  in prec ise  working o rde r  for  3 to  5 months in the hosti le void of space.  

Although Venus is our  closest  planetary neighbor, t he re  are many things about it that 
remain a mystery.  

have been advanced. 

measurements  of the planet which may substantiate one of these theories ,  o r  cal l  for  the 
formulation of a new one. 

Several  theories  concerning the nature of i ts  a tmosphere and sur face  

One of the missions of Mariner  2 w a s  t o  make seve ra l  scientific 

During the c ru i se  and encounter of Venus, Mariner  2 te lemetered information to  Earth.  
As the senso r s  of the s ix  experiments receivedinformation, they fed i t  to  a data conditioning 

sys tem (DCS), which w a s  located in one of the modules in the hexagonal base  of t he  space-  
craft .  The DCS prepared information for  t ransmiss ion  to Ea r th  in the form of a digital code. 

Since a l l  of the data collected by Mariner  2 would not be t ransmit ted a t  the s a m e  time, 

an  electronic clock w a s  built into the DCS. 
rece iver  “ l is tens” to  one experiment a t  a t ime for about 1 second. 

DCS switches off the scientific data and then the te lemetry sys tem sent spacecraf t  engineering 
data fo r  16.8 seconds. 

This clock controlled the equipment s o  that the 
After 20.16 seconds,  the 

This  cycle w a s  continued during the c ru i se  in interplanetary space.  

When the spacecraf t  w a s  switched to  the encounter mode, however, the  spacecraf t  

devoted its t e lemet ry  sys tem to the full-time t ransmission of scientific information f rom i t s  
s ix  experiments.  

The integration of the scient i f ic  experiments and the generation of a number of the 
experiments were  ca r r i ed  out a t  J P L  under the direction of Dr. M. Eimer.  JPL project 

scient is t  w a s  R. C. Wyckoff. 
experiments.  

J. S. Martin w a s  responsible for  the engineering of scientific 
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1.  Microwave Radiometer  

This  experiment  should help t o  resolve two vi ta l  questions about Venus: 

(1 )  

(2) 

What is the  a tmosphere  l ike? 
What is the tempera ture  of the su r face?  

A s  Mar iner  2 fl ies past  Venus, the microwave radiometer  w i l l  s can  the planetary disk 
to  detect  electromagnetic radiation at two wavelengths: 13. 5 and 19 mil l imeters .  
based observations have shown a tendency for  the "brightness temperature"  of the planet t o  
dec rease  f rom about 600°K t o  about 300°K as the measurement  wavelength decreases  f rom 
cent imeter  t o  mil l imeter  values,  and i t  is important that th i s  phenomenon should be verified. 
This  variation in apparent tempera ture  with microwave wavelength has led scient is ts  t o  
postulate the existence of a number of models for  the planet's a tmospheric  s t ruc tu re  and 
sur face  temperature .  

Earth-  

0 

Based upon recent evaluation of data taken nea r  8000 A, the most  probable models a r e  

those predicting a high sur face  tempera ture  coupled with a cooler  absorbing atmosphere.  
Much of the 13. 5-mil l imeter  radiation should then originate in  the atmosphere,  with the 

19-mil l imeter  radiation a r i s ing  pr imar i ly  f rom near  the hard  sur face  of the planet. 
ments  of the tempera ture  difference between the 13. 5- and 19-mill imeter values, and the 

variation in this  difference obtained as the approximately half-light, half-dark planetary disk 

is scanned, should allow sc ien t i s t s  t o  deduce a grea t  deal regarding the g ross  propert ies  of 

the planet 's  a tmosphere when compared with the data f rom the Mariner  infrared radiometer  
experiment.  

Measure-  

Since the 19-mil l imeter  wavelength radiation f rom the planet should be comparatively 

unaffected by the atmospheric  constituents, it should be possible t o  "see" the sur face  with 
a geometr ical  resolution of more  than 2 o rde r s  of magnitude be t te r  than can be obtained a t  
present  f rom the Earth.  

nevertheless  yield a l a rge  amount of information regarding la rge-sca le  features  of the 
sur face  of this  cloud-covered planet. 

Although obviously not of photographic quality, this  data should 

In d i rec t  cont ras t  t o  the  cool atmosphere-hot sur face  models are the seve ra l  models 
postulating that the high-centimeter " temperatures"  arise f rom s o m e  mechanism occurr ing 

above the  planet's surface.  
600 or 700'K. 

Hence, the actual  su r f ace  tempera ture  may be  much cooler  than 

If the sou rce  of the high tempera ture  is above the sur face ,  a "limb-brightening" effect 
is predicted at the s h o r t e r  wavelength. 

aa the  limb or edge of the planet is approached, the  effective tempera ture  will  a l s o  increase.  

Because the thickness of the radiating layer  increases  
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The  cool atmosphere-hot sur face  models, however, predict  a decrease  in effective temper-  
a tu re  as the  l imb is approached, o r  a "limb-darkening" effect. 

t o  resu l t  f rom the shielding effect of the  cooler  a tmosphere as it prevents some  of the 
radiation f rom the hot surface f rom escaping into space  -- a n  effect which increases  with 

the growing thickness of the shielding layer  as the l imb is approached. 

Limb darkening is thought 

The  microwave radiometer  w a s  mounted on the hexagonal base  of the Mariner  space-  
Both wavelengths were  detected by a parabolic antenna that measured  20 inches in craft .  

d iameter  and 3 inches in depth. 

At 10 hours before Venus encounter, the radiometer  w a s  turned on. Driven by an  

e lec t r ic  motor ,  it s t a r t ed  a scanning o r  nodding motion of 120 degrees  a t  the r a t e  of 1 degree 

pe r  second. The microwave antenna w a s  only capable of moving in  a nodding motion. 

movement w a s  provided by the motion of the spacecraf t  a c r o s s  the face of the planet. 
i t s  signals determined that it had acquired the planet, the DCS sent  a command t o  slow the 

scan  r a t e  t o  1 /10  degree per  second. 

La tera l  
When 

In o rde r  t o  confine i t s  attention to  the planet's disk, a special  command sys tem has 

been built into the DCS. Whenever the radiometer  indicates that i t  has reached the h m b  and 
i s  about to  look out into space,  the DCS reve r ses  the direction of the scan. 

In this mode, it scanned Venus for  about 30 minutes. Since the spacecraf t  w a s  going 

roughly in the direction of the Sun, the rad iometer  f i r s t  scanned par t  of the dark  s ide  of 

Venus and then par t  of tfie sunlit  side.  

A s  the radiated microwave energy w a s  collected by the parabolic antenna, it w a s  
focused onto a receiving horn located opposite the face of the antenna on a quadripod. 

energy from both wavelengths t raveled down the two hollow legs (wave guides) of the quadripod. 

The  

Two reference horns located on top of the antenna w e r e  matched to  receive the s a m e  
two microwave bands as the parabolic antenna. 

away from the axis  of the antenna and, consequently, a r e  always looking at empty space. 

These  horns point a t  an  angle of 60 degrees  

The  s ignals  f rom the antenna and the re ference  horns w e r e  alternated o r  chopped 
electronically. Then they are sent  t o  a crystal ,  video-type rece iver  located behind the 

antenna. Thus, this rece iver  measured the difference between the s ignals  f rom Venus and 

the reference s ignals  f rom space.  This  information w a s  then te lemetered  t o  Earth,  

The microwave radiometer  weighed 23.8 pounds, and required 3.5 watts of power 

The  calibration sequences were  auto- when operating and 8.9 w a t t s  during calibration. 

matically initiated by the DCS a number of t imes  during the mission. 
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2. Infrared Radiometer 

This  rad iometer  w a s  a companion experiment t o  the microwave radiometer.  A s  the 

Mariner  spacecraf t  flew past  Venus, simultaneous measurements  f rom the two experiments 
enabled scient is ts  t o  get a be t te r  idea of the tempera ture  and atmospheric  conditions of the 

planet. 

The infrared radiometer  w a s  r igidly attached t o  the microwave antenna (Fig.  8). In 

this way, both scanned the s a m e  sur face  areas of Venus. 

The infrared radiometer  experiment operated in  the 8- to  9- and the 10- to  10.8-micron 
wavelength regions of the electromagnetic spectrum. 

Measurements f rom Ear th  in these two wavelengths indicate tempera tures  below zero.  
It i s  not c l ea r  t o  scient is ts  whether all of this radiation comes from the tops of the clouds, 

o r  whether some  of it emanates f rom the atmosphere o r  planetary surface.  

The close approach of Mariner  2 t o  Venus may enable scient is ts  t o  measure  some of 

the f iner  details  of the atmosphere.  This  measurement  w i l l  p r imar i ly  involve determining i f  

there  a r e  any "breaks" in  the cloud cover  and, if so, the amount of heat that escapes through 

into space.  
kind of markings on Venus' cloud cover  that change with no  apparent regularity,  leaving 

the i r  nature in doubt. 

F o r  many yea r s ,  some  as t ronomers  have been able to  occasionally see s o m e  

If these markings are indeed cloud breaks,  they will stand out with g rea t e r  contrast  in 
the infrared region than i f  observed in the visible part  of the spectrum. If the radiant energy 

detected by this  experiment comes from the cloud top and the re  a r e  no breaks,  then the 
tempera tures  obtained at both infrared wavelengths w i l l  follow a s imi l a r  pattern. 
a r e  breaks in the clouds, a substant ia l  difference w i l l  be detected between measurements  at 

the two wavelengths. 

If there  

The  reason  for  this difference i s  that in the 8- to  9-micron region, the atmosphere i s  
In the 10- t o  10.8-micron region, the lower atmosphere is t ransparent  (except for  clouds). 

hidden by the presence  of carbon dioxide. 

to a much lower point in the atmosphere.  
combined wtih microwave data, scient is ts  w i l l  have a m o r e  detailed picture of conditions on 

Venus. 

Through a cloud break, the fo rmer  would penetrate 
By a comparison of tempera tures  f rom both regions, 

The infrared radiometer  w a s  6 inches long and 2 inches wide. It weighs 2. 7 pounds and 

consumes 2 watts of power. 
of Venus while the other  obtains reference readings from space.  
angle of 45 degrees  away from the planetary scanner .  

It contains two optical s enso r s ,  one of which scans  the surface 
The  la t te r  i s  a imed a t  a n  
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Figure  8. Technicians attach cable to Mariner 2 spacecraf t  during testing. Note c i r cu la r  
microwave radiometer  above head of technician in foreground. 

and calibration sys t ems  for  radiometers  

White object on r im 
of dish i s  in f ra red  radiometer.  Horns a t  top of dish a r e  par t  of reference 
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Radiation from Venus w a s  collected by two f l 2 . 4  optical  sys tems with 3-inch focal 

lengths. As the  infrared energy en ters  the optical  sys tem,  it f i r s t  passes  through a rotating 
disk with two aper tures .  
nately see Venus and empty space.  

of 20 cycles pe r  second. 

These  w e r e  positioned so that the two sensing devices can a l t e r -  
The  infrared beam w a s  chopped in this  way at the rate 

After the  beam passes  the disk, i t  i s  spl i t  by a dichroic f i l ter  into the two wavelength 
regions. 
rad iometer ' s  sensing devices:  two the rmis to r  bolometers,  which are sensi t ive to  infrared 

energy. 
processing and re t ransmiss ion  to  Earth.  

A second pa i r  of f i l t e rs  fur ther  refines these wavelengths before they reach  the 

The  e lec t r ica l  output f rom these  detectors w a s  amplified and sent t o  the DCS for 

3 .  Magnetometer 

The  magnetometer  aboard Mariner  2 w a s  designed to  measu re  the s t rength and direction 

of interplanetary and Venusian magnetic fields. 

Many sc ien t i s t s  believe that the magnetic field of a planet i s  due to  a fluid motion in 

i ts  inter ior .  
the planet. 
Mariner  a t  encounter. A l s o ,  the t ra jec tory  of Mariner  permi ts  the measurement  of in te r -  
planetary magnetic fields and any variation with respect  t o  t ime  and distance from the Sun. 

If such a Venusian field exis ts ,  then i t  could be detected as Mariner  2 approached 
This  would depend, of course,  on the s t rength of the field and the distance of 

Present  theories  of magnetohydrodynamics - -  the  study of the relation between the 
motion of charged par t ic les  and the magnetic field which surrounds them -- say  that the 
plasma which flows away from the Sun should drag  with it the  local so l a r  magnetic field, 
s ince  the motion of charged par t ic les  not only responds to  but a l so  c rea t e s  magnetic fields. 

The mathematical  description of this interaction between the s t r e a m  of charged par t ic les  
leaving the Sun and the magnetic field which surrounds the Sun i s  extremely complicated. 

The  theories  which have been used to  descr ibe these phenomena are incomplete and often 
contradictory.  

The  measurement  of interplanetary magnetic fields by Mariner  2 w i l l  be  combined with 
simultaneous measurements  f rom Ear th  to  help scient is ts  t o  understand something about 
the inter-relationships of these fields. 

Moreover, by investigating the magnitude of any Venusian field, it may be possible to  
draw some conclusions about the in te r ior  of the planet, as well as about planetary radiation 

belts, magnetic s to rms ,  and aurorae .  
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The magnetometer w a s  a three-axis  fluxgate type, weighing 4.7 pounds and requir ing 

The  senso r s  of the experiment were  housed in a metal  cylinder 6 inches 6 watts of power. 

long and 3 inches in  diameter.  
antenna. In this  way, the senso r s  are as far as possible f rom any spacecraf t  components 

that may have magnetic fields associated with them. 

It w a s  located just  below the Mariner 's  omnidirectional 

Inside the cylinder w e r e  t h ree  magnetic cores ,  each aligned along a different axis ,  

Each co re  has  two windings of copper wire  around it, much the s a m e  as some t ransformers .  
The  pr imary  winding leads f rom a frequency osci l la tor  which produces a current .  The s e c -  

ondary winding leads t o  a n  amplifier.  

In the absence of a magnetic field, the cur ren t  induced in the secondary winding has  a 
spec ia l  symmetr ica l  wave shape. 
of this wave and produces a component with amplitude in proportion to  the field strength.  
third winding around the rods prevents magnetic interference from the spacecraf t .  This  

feature  renders  the three  axes of the instrument sensit ive to  112 gamma, o r  a field s t rength 

roughly 100,000 t imes weaker than that of the Earth.  

The presence  of a magnetic field changes the symmetry  
A 

4.  High-Energy Radiation Experiment 

This  experiment consists of an ionization chamber  and a group of t h ree  Geiger-Mueller 
(G-M) tubes. 
interplanetary space  and near  Venus. These  par t ic les  a r e  pr imar i ly  cosmic rays,  which a r e  

made up of protons (the nuclei of hydrogen atoms) ,  alpha par t ic les  (the nuclei of helium atoms) ,  

the nuclei of heavier  a toms,  and electrons.  

Together,  they w i l l  measu re  the number and intensity of energy par t ic les  in 

/ 

The measurement  of these  par t ic les  may contribute significantly to  the knowledge of 
hazards  to  manned space  flight. 

Scientists have theorized that the Sun has a pronounced effect on cosmic rays.  
s o l a r  activity (Sun spots  o r  f lares) ,  for  example, huge quantities of plasma race  outward 

f rom the Sun. These  plasma clouds, o r  s o l a r  wind, c a r r y  along magnetic fields. In ra ther  
complicated manner,  not fully understood by scient is ts ,  the  plasma's  magnetic fields interact 
with those of the Sun and planets. 
there  i s  a considerable change in the charac te r  of the radiation that reaches the Earth.  

During 

Scientists have noticed that, following this  s o l a r  activity, 

Unfortunately, because of our  a tmosphere and magnetic field, w e  cannot measu re  all 

of these complicated inter-relationships f rom Earth.  
spacecraf t  t ravel ing far f rom the Earth.  

Sun's influence on radiation. 

We must take measurements  f rom 
In this way, we may learn  something about the 

1-25 



Section E EPD- 129 

A dec rease  in  the number and intensity of cosmic  radiation detected as w e  go c lose r  t o  

the  Sun would indicate that the  Sun's magnetic field i s  deflecting cosmic  r ays  away from the 

s o l a r  system. 
radiation at Earth,  Venus, and in interplanetary space,  s o m e  insight may be gained into 

these  complicated inter-relationships.  

Thus, by comparing the intensity of magnetic fields with the amount of cosmic  

The  ionization chamber  w a s  the Neher type. It consis ts  of a 5-inch-diameter s ta in less  
The  s p e r e  is filled with a rgon  gas  and steel she l l  with a w a l l  thickness of l / l O O  of an inch. 

i s  located on the supe r s t ruc tu re  of the spacecraf t .  

next t o  a quartz  rod. 

Inside the sphere ,  a quartz  f ibre  i s  placed 
Initially, both f ibre  and rod have the s a m e  electric potential. 

A s  charged par t ic les  penetrate  the w a l l  of the sphere ,  they leave behind a wake of ions 

in the argon gas. Negative ions accumulate  on the rod, giving i t  a s ta t ic  e lec t r ic  charge. 

This  causes the f ibre  to be  a t t rac ted  to  the roc1 in proportion to  the amount of the charge,  
Eventually, as the charge  increases ,  the two touch. This  produces an  e lec t r ic  pulse which 

w a s  amplified and sen t  to Earth.  
posit ion. 

The  rod is recharged,  and the f ibre  re turns  to  its s ta r t ing  

In o r d e r  to  penetrate  the w a l l  of the ionization chamber ,  par t ic les  must have an energy 

g rea t e r  than 10 million electron volts (blev) for  protons,  1 / 2  Rlev for  e lectrons,  and 40 hlev 
for  alpha par t ic les .  

The  instrument  also measures  the ratc, o f  ionization of cosmic  rays.  Two of the G-hl  

They can be direct ly  tubes a re  considered companion Instruments  to  the ionization chamber .  

penetrated by par t ic les  above the s a m e  energy levels as the  chamber ,  and can count these 
particles.  

Both tubes consist  of a n  enclosed volume of gas  with two electrodes,  a t  a different 
e lec t r ica l  potential. 

w i r e  is the positive electrode. 
par t ic le  enters .  

The  w a l l s  of the tubes s e r v e  as the negative electrode and a thin cent ra l  

The  tubes genr ra te  a cur ren t  pulse each t ime  a charged 

One of the G-RI tubes w a s  shielded by a s leeve  of glass  and 8 /  1000 of an  inch thickness 
of s ta in less  steel. 

tubes are 2. 3 inches long and 0. 6 inch in diameter .  
w i l l  be possible for  scient is ts  to  infer  the rat io  of e lectrons t o  other  par t ic les .  

G - h l  counters, along with the ionization chamber ,  make i t  possible for  scient is ts  t o  measu re  
the flux (velocity t imes  the density) and the average  amount of ionization of particles.  

The  second tube had a beryl l ium shield 24/1000 of an  inch thick. Both 
Because of the difference in shields,  i t  

These  two 

A th i rd  G-bl s e n s o r  w a s  the end-window type. It measured  the flux of par t ic les  not 
capable of penetrating the other  detectors.  

with energies  g rea t e r  than 1 hlev, and electrons over  40, 000 electron volts. 
The  window is made of mica and admi ts  protons 
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A magnesium shield around the r e s t  of the G-M tube permi ts  passage of protons over  
20 Mev and electrons over 1 MeV. 

mate direction of par t ic les  which penetrate only the window. 

This  gives the counter the ability to  determine the approxi- 

The  G - M  detectors  are mounted on the supers t ruc ture  of the spacecraf t ,  where they 

are as far as possible f rom la rge  masses  that tend to  produce secondary par t ic les  when 
s t ruck  by cosmic rays .  

The  th ree  G - M  tubes protrude from a box that houses the i r  electronic circuitry.  The  

box w a s  6 inches wide, 6 inches long, and 2 inches thick. 

inclined at  an angle of 20 degrees  f rom the other two tubes. 

The  end-window G-hl  tube w a s  

The total  weight of both experiments w a s  2. 78  pounds and they consume 4 /  10 of a watt 

of power. 

5 .  Solar Plasma Detector 

The  puspose of this detector was to  determine the flow and density of s o l a r  plasma and 

the energy of i t s  particles.  

Solar plasma i s  frequently called "so lar  wind" and consis ts  of charged par t ic les  that 
a r e  continually s t reaming outward from the Sun. 
on Mariner  2 have been infrequent, scient is ts  know very l i t t le about the so l a r  plasma. 
feel  that it is mere ly  an  extension of the Sun's a tmosphere,  o r  corona. 
many theories ,  some conflicting, w e  do know t h a t  during s o l a r  activity (Sun spots or f la res )  

the flux of plasma increases .  

Since direct  measurements  such as the one 

Some 
Although the re  are 

One of the most complicated and interest ing a r e a s  of space science is the study of how 
Since the plasma c a r r i e s  a n  e lec-  s o l a r  plasma interacts  with the magnetic fields in space.  

t r i c a l  charge,  it not only is affected by magnetic fields,  but a l so  c rea t e s  one of its own. 

If a field i s  s t rong  enough, it may control and divert  the s o l a r  winds and, conversely,  

if the e lec t r ica l  energy in the plasma is great  enough, the planetary magnetic fields may be 

trapped in the cloud and move with it through space.  Therefore ,  t o  study the complex inter-  

actions between s o l a r  wind and magnetic fields, space probes that ca r ry  plasma experiments 
generally a l so  c a r r y  magnetometers.  

Most par t ic le  detectors  are designed to  operate  inside a sealed tube and the tube walls 

k e e p  out very  low energy particles.  The s o l a r  plasma detector  on Mariner  2,  however, is 

open to space  and can collect and measu re  positively charged par t ic les  of very low energy. 
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The  s e n s o r  f o r  this experiment w a s  mounted on the outside of one of the electronic 
boxes in  the base  of the  spacecraft .  

axis  of the spacecraf t  and, during most  of the mission, w i l l  face the Sun. 

The  ape r tu re  of the analyzer  w a s  pointed along the roll 

A s  charged par t ic le  enters the analyzer,  i t  finds i tself  in  a curving tunnel. The  two 

s ides  of this tunnel a r e  meta l  plates car ry ing  s ta t ic  e lec t r ic  charges  -- one negative, the 
other  positive. 

s o  follows a curved path down the curved tunnel. 
runs into one w a l l  o r  the other,  but if it i s  moving a t  just  the  right speed, i t  passes  to  the end 

and is detected by a charge collecting cup. 
charged par t ic les  i s  measured  by a very  sensi t ive e lec t rometer  circuit .  

c les  moving i n  the right direction to  en ter  the tunnel and moving with the right speed t o  get 

all the way through w i l l  be  detected. 

The  charged par t ic le  i s  a t t racted by one plate and repelled by the other, and 
If i t  is moving too slowly o r  too rapidly, i t  

The  e lec t r ic  cu r ren t  produced by the flow of 
Thus,  all the par t i -  

Periodically,  the amount of voltage on the plates is changed and a different energy is 
The  voltage i s  automatically required by the par t ic les  to  get through to  the collector cup. 

changed ten t imes.  
240 to  8400 electron volts. 

In this way, it is possible to measu re  a spec t rum of par t ic le  energies  of 

The  plasma detector  had a total  weight of 4. 8 pounds and a power requirement  of 1 watt. 

6 .  Cosmic I h s t  Detector 

This experiment w a s  designed to  measu re  the flux and momentum of cosmic dust in  

interplanetary space  and around Venus. 

of manned flight through space.  
the history and evolution of the s o l a r  system. 

It may contribute to  a n  understanding of the hazards  

This  information will a l so  help sc ien t i s t s  in understanding 

T h e r e  are many theories  about these dust par t ic les .  One is that when the s o l a r  sys t em 

w a s  formed billions of yea r s  ago by the condensation of a huge cloud of gas  and dust, these  

cosmic par t ic les  were  debr i s  left over ,  o r  they could be remnants  of comets  that rush through 

the so l a r  sys tem,  leaving a t r a i l  of dust behind. Some scient is ts  believe cosmic  dust has  i t s  

origin in galactic space  and i s  somehow trapped by the interaction of magnetic fields f rom 

the Sun and planets. 

Scientists have been t rying to  study cosmic dust recently with Ear th  satel l i tes  and 
sounding rockets,  but Mariner  2 provided the f i r s t  data on i t s  distribution in  interplanetary 

space.  

The experiment w a s  located on the top of the spacecraf t ' s  hexagonal bus. It consisted 

A c rys t a l  of a rectangular  magnesium "sounding'board" 5 inches wide and 10 inches long. 
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microphone is located in  the center  of this  plate. 

of par t ic les  of cosmic  dust. 

Th i s  acoust ical  device measu res  the impact 

A s  a par t ic le  hits  the acoust ical  plate, it w a s  recorded by the microphone, whose out- 
put excites a voltage-sensitive amplifier.  T h e  number of dust  par t ic les  s t r iking the plate is 
recorded on two counters ,  one for  par t ic les  with high momentum and one for  par t ic les  with 
low momentum. 

During the c ru i se  phase of the t ra jectory,  the data conditioning sys tem read out the 
counters every 3 7  seconds and te lemetered this information t o  the ground. 
encounter, the counting rate w a s  r e d u c ~ d  t o  20-second intervals.  

During planetary 

The cosmic  dust detector  weighed 1. 85 pounds and consumed 0.08 milliwatt of power. 
It w a s  designed by a group of NASA's Goddard Space Fhght  Center ,  Greenbelt, Maryland, 

under the direction of W. M. Alexander. 

TI. THE VENUS TRAJECTORY 

The  boost portion of the Mar iner  mission consisted of t h ree  phases: (1) ascent  into a 
c i r cu la r  parking orbit  of approximately 115 miles ,  ( 2 )  coast in the parking orbit  t o  a pre-  
determined point in space, and ( 3 )  ejection out of the parking orbLt to  greater- than-escape 

speed. 

The Atlas D-Agena R space  booster  r i s e s  ver t ical ly  and pitches over  in the required 

direction determined by the exact t ime  of launch. 

a s ignal  f rom the ground guidance sys t em commands shutdown of the A t l a s  engines and 
separat ion of the Agena-Mariner f rom the Atlas. 
coast  period and acce lera tes  itself and the spacecraf t  into the parking orbit  at a speed of 
approximately 18,000 miles  pe r  hour. 

The  vehicle gains speed and alt i tude until 

The  agena engine then ignites a f t e r  a shor t  

The  Agena-Mariner t raveled in a southeaster ly  direction over  the Atlantic Ocean toward 

the coast of South Africa. 
launch date, t ime of launch, and des i red  flight t ime  to Venus, the Agena e n s n e  w i l l  reignite 
and accelerate the  spacecraf t  t o  a speed of about 25,503 mi les  pe r  hour. 

Jus t  before  reaching Africa,  a t  a point in  space  determined by the 

Shortly a f te r  the  Agena engine shut  down, the Mar iner  spacecraf t  w a s  separa ted  f rom 
the Agena. 
velocity at this alt i tude by 898 miles  p e r  hour  and the  spacecraf t  moves off in the hyperbolic 
orbit  re la t ive to  Earth. 
around the Ear th  decreases  until i t  i s  t ravel ing essent ia l ly  in a s t ra ight  hne  outward from 

Earth. 

to  the spacecraf t  moves through an angle of approximately 148 degrees .  

This  maneuver is "injection. " The  speed of the spacecraf t  exceeds the escape 

Recause of the rapid change of altitude, the  r a t e  at which i t  moves 

During the t ime  f rom injection to  escape,  the radius  vec tor  f rom the Ear th ' s  cen ter  
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A t  the  s a m e  t ime that i t  w a s  moving out, the  spacecraf t  w a s  slowing down relat ive to 
Ear th  because of Ear th ' s  gravity. When it reached a distance of about 600, 000 miles ,  a f te r  
about 3 days, and had essentially "escaped Earth,  " the  velocity decreased f rom the original 

25, 503 to  6874 miles  per  hour. 
so  that this  velocity re la t ive to  Ea r th  is in  a direction opposite t o  that of the Ear th  in its orbit  
about the Sun. Thus,  the spacecraf t  w a s  moving about the Sun 6874 miles  pe r  hour s lower 
than the Ear th ' s  approximate 66,000 miles per  hour; that i s ,  about 59,426 miles per  hour. 

The  t ime and direction of the second Agena burn w a s  chosen 

Because of the lower orbi ta l  velocity about the Sun, the spacecraf t  w a s  moving too 
slowly to  maintain a c i rcu lar  orbit  against  the Sun's gravity. It, therefore ,  s ta r ted  falling 

inward toward the orbit  of Venus. 
motion around the Sun produced a n  ecliptic orbit (Fig.  9)  that  w i l l  in tersect  the orbit  of Venus 
some  109 days l a t e r  in  the case  of hlar iner  2. 

The  combination of the inward motion and the c i rcu lar  

About 8 days a f te r  launch, the accumulated tracking data w a s  used to  compare the 

t ra jec tor ies  of the spacecraf t  with the t ra jectory necessary to provide the planned Venus 
encounter. The  midcourse maneuver depended on the difference between these two t ra jector ies .  . 

Now, Mariner  began t o  curve i n  toward the Sun and gradually increased i ts  speed. 

Eventually, due to  the inward curving path, hlar iner 's  speed exceeded that of the Ear th  and 

i t  passed Earth.  La ter ,  it overtook the rapidly moving Venus, approaching the planet on 
i t s  dark  s ide  a t  a speed of more  than 84,000 miles per  hour relative to  the Sun. 

/ 

Entering the  sphere  of gravitational influence of the planet, h la r iner ' s  path w a s  deflected 
because of i t s  pull. Its speed w a s  increased even more ,  reaching over 91, 600 miles  pe r  hour 

relative to the Sun as i t  passed Venus on i t s  sunny s ide  at  a distance of 21, 648 miles  f rom the 
surface.  In addition, Mariner 's  path w a s  bent about 40 degrees  in traveling past the planet. 

About 65 minutes before c losest  approach, o r  a t  a distance of 18, 600 miles from the 
planet's surface,  the planetary experiments on Mariner  began t o  scan  Venus. 

The  path of the spacecraf t  in the vicinity of Venus w a s  designed so  that Venus would not 

This  w a s  necessary  to ensure  contin- block the spacecraf t ' s  view of e i ther  the Sun o r  Earth. 

uous communication with Ear th  and proper  functioning of the Sun and Ear th  sensors .  
latter provide reference directions for  attitude control of the spacecraft .  

distance a t  the t ime of a r r i v a l  w a s  about 36, 000, 000 miles. 

The 
The communication 

After leaving the sphe re  of influence of Venus, the spacecraf t  had even g rea t e r  speed 

than when it entered. 
bending of i ts  course  by Venus. 

by comets which t r ave l  too close to  the planet Jupiter.  

In essence,  it experienced an  increase  in energy and speed due to  the 
This  phenomenon i s  s i m i l a r  t o  that somet imes  experienced 

The  energy increase  i s  somet imes  
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sufficient to  cause  the comet to  escape the s o l a r  system. 

however. 

Such w a s  not the case  f o r  Mariner ,  

/ 

Designing an  interplanetary t ra jec tory  i s  a complex task  that taxes the capabilities of 
high-speed computers.  The  t ra jec tory  engineer faces  a task  complicated by the interactions 
of the motion of the Ear th  about the Sun, the motion of Venus, the spin of the Earth,  and the 

effect of gravitational fields of Earth,  Sun, Moon, Venus, Jupi ter ,  and even the p r e s s u r e  of 

the Sun’s radiation, on the path of the spacecraft .  

The  t ra jec tory  designer ,  therefore ,  must  calculate a t ra jec tory  f rom minute to  minute 
fo r  that portion of each day during the launch opportunity that launch could occur. He must 

keep his t ra jec tory  within range safety l imits (the ea r ly  portions of the launch must  be over  
wa te r ,  not land masses )  and he must keep the t ra jec tory  within range of the t racking stations.  

Meshing a l l  these factors  into a successful  t ra jec tory  spanning millions of miles and 
near ly  4 months in t ime w a s  a formidable task.  

E. DEEP SPACE INSTRTJLlENTATION FACILITY 

Two-way communication with hlar iner  w a s  provided by J P L ’ s  Deep Space Instrumenta- 
tion Facil i ty (DSIF), a world circl ing network of t h ree  permanent tracking stations,  a mobile 
t racking u n i t ,  a n d  (at the Atlantic Missile Range, Cape Canaveral ,  Flor ida)  a launch checkout 

station. 

The 1)SIF is under the technical direction of the  Je t  Propulsion 1,aboratory for  the 
National Aeronautics and Space Administration. 
Program Director .  

Dr. Eberhardt  Rechtin is J P L ‘ s  DSIF 

The  DSIF t racked Mariner  2 throughout the 130-day mission,  received and recorded 

te lemetry from the spacecraf t ,  and t ransmit ted commands to  it. 

The  th ree  permanent stations a r e  a t  Goldstone in Cal i fornia’s  Mohave Desert ,  near  

Woomera Village in Australia,  and nea r  Johannesburg, South Afr ica .  These  installations 
are located approximately 120 degrees  apar t  around the Earth.  

provide continuous contact with the spacecraf t .  

The i r  ranges overlap to  

The mobile s ta t ion w a s  located approximately 1 mile  eas t  of the DSIF installation at  
This  station acquired hlar iner  short ly  after injection, when the spacecraf t  ,Johannesburg. 

w a s  too low to  be readily t racked by the l a rge r  antenna. 

a 10-foot-diameter dish antenna with a wide (9  degree)  beam width and a fast  tracking 
capability of 10 degrees  per  second. 

The  mobile s ta t ion is  equipped with 
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The  l a rge r  85-foot-diameter antenna of the permanent installation has  a 1-degree beam 
width and a one-degree-per-second t racking capability. 

A s  soon as the mobile s ta t ion had acquired Mariner,  t racking information and the 

position of the spacecraf t  w a s  sent t o  the permanent installation, telling i t  where  t o  look. 

The  la rge  antenna locked onto Mariner  short ly  thereaf ter .  

The installations at Johannesburg and Goldstone had the capability of sending commands 
t o  Mariner,  in addition to  receivlng te lemetry.  The Woomera installation, the mobile unit, 

and the launch checkout s ta t ion could not command, but could t r ansmi t  a s ignal  t o  the space-  

c raf t  for  doppler calculations, 
of the l a rge r  antennas and function only in the initial s tages  of the mission. 

The mobile and launch checkout stations do not have the range 

The following a r e  typical visibility t imes  based on one possible launch date and t ime. 

The figures would change slightly re la t ive to  the ac tua l  date and hour  that launch occurred. 
Since the mobile and South African stations a r e  c lose together,  they have the s a m e  visibility 

periods.  
I = injection, which occurs  a t  the end of the Agena second burn. 

The t imes  when the spacecraf t  w i l l  be visible to  the different stations are shown. 

Stat ion 

Johannesburg and mobile 
Wootnera 

Johannesburg and mobile 
Goldstone 

Woom e ra 
Johannesburg 

Visibility periods 

I + 2 minutes I + 26 minutes 
I + 1 7  minutes I + 6 hours 35 minutes 
I + 1 hour 45 minutes I + 14 hours 10 minutes 

I +  13 hours I + 23 hours 10 minutes 

I + 19 hours 15 minutes I + 31 hours 10 minutes 

I + 26 hours  40 minutes I + 38 hours  25 minutes 

Throughout the  mission, the stations continued to  lock onto the spacecraf t ,  t r ack  i t  

until the  rotation of the Ea r th  ca r r i ed  the station to  the h m i t s  of i t s  horizon, and then pass  

the spacecraf t  on to  the next station, 

During the en t i re  Venus missipn,  the DSIF stations essent ia l ly  maintained contact with 
Mar iner  2 4  hours  p e r  day. 

Each station w a s  manned by a 25-man staff. It takes  3 hours  to prepare  a station to 
acqui re  the spacecraf t  and 1 hour to  shut down following a t racking period. 
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Each s ta t ion w a s  linked with the Space Flight Operations Center  at J P L  by leased te le-  

type circui ts  over  which w a s  sent  all t racking and te lemet ry  information fo r  processing by 
a n  IBN 7090 computer system. 

The  launch checkout s ta t ion at Cape Canaveral  received te lemet ry  f rom the spacecraf t  

during prelaunch t e s t s  and recorded spacecraf t  t e lemet ry  f rom launch until the  station lost  
contact with Mar iner  as it passed over  the horizon. 
the t ransmi t te r  and rece iver  and the other  fo r  t e s t  equipment, recording equipment, and 

equipment for  processing portions of the received s ignal  fo r  rea l - t ime display on s t r i p  
char t s ;  a 6-foot-diameter dish antenna fo r  receiving and t ransmit t ing;  and a collimation 
tower for  calibrating and checking s ta t ion equipment. 
for  checkout procedures ,  t ransmit t ing on the s a m e  frequencies used by hlariner.  

tion had a 15-man crew. 

The  s ta t ion has  two t r a i l e r s :  one for  

The tower s imulates  the spacecraf t  
The  s t a -  

The Goldstone s ta t ion is operated for  J P L  by the Bendix Radio Corporation. JPLA's 

engineer in charge w a s  Walter  Larkin. 
ated by 7 miles and a ridge of hills t o  minimize interference.  

Goldstone has  two 85-foot-diameter antennas sepa r -  

The Austral ian s ta t ion i s  15 miles f rom Woomera Village and has  one 85-foot-diameter 
The s ta t ion i s  operated by the Australian Department of Supply, Weapons receiving antenna. 

Research  Establishment.  Dr.  Frank  Wood represents  the WRE. Richard Fahnestock w a s  

the resident engineer for  JPL. 

The South African s ta t ion i s  equipped with an  85-foot-diameter receiving antenna and 
is located in a bowl-shaped valley approximately 40 miles northwest of Johannesburg. The  

.;tation is  operated by the South African government through the National Institute for  Te le-  

communications Research,  Dr. Frank  Hewitt, Director.  NITR i s  a division of the Council 
fo r  Scientific and Industrial  Research.  Resident engineer for  J P L  w a s  Paul Jones.  
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MARIXER 2 FLIGHT LOG 

Mariner 2 was successfully launched by an Atlas DIAgena B vehicle on August 27,  1962 

at  1:53 a .  m . ,  EST, f rom the Atlantic Missile Range, Cape Canaveral, Florida. 

5 : O O  a .  m . ,  August 27, 1962 Mariner  2,  0 Day 

Early tracking data f rom Mariner  2 indicated that the spacecraf t  will pas s  within 

600, 000 mi1t.s of Venus in thc  second week of December.  

num1ic.r to n g r e a t e r  accuracy a s  m o r e  data is received. 
c ra f t  has the capability to c o r r w t  the m i s s  distance t o  bring the spacecraf t  within the 
dc5slrcd target zone of 8, 000 to  4, 000 miles  of Venus. 

It will be possible to  refine th i s  
The  midcourse motor  on the spacr’- 

211 sys tcms of Mariner  a r e  working normally and good t e l eme t ry  is being received by 

thc Dc,ty Space, Instrumcmtation Facility stations.  

12: 30 p. m., {ugust 27, 1962 

Calculations based o n  additional tracking data from Mariner  2 show that the spacecraft  

Th i s  is a IS on n t r a j c r to ry  which will take it t o  a point in space  233, 000 mi l e s  from Venus. 
rclsult of norma1 dispt-rsions in thc Atlas .\gena launch vehicle. 

Arrival t imv a t  thc, planet Venus will be pin-pointed a f te r  completion of the midcourse 
manc~uvc~r.  
In pc’rforming the rnanwvc’r tht, Mariner  has  to  change i t s  attitude in space in response to  a 

command from the ground and f i re  i t s  midcourse motor  t o  add a velocity of about 80 mi l e s  

a n  hour to  thc, spacecraft speed. 
an hour to  the  spacecraft  velocity. 

’The. miti(.our.sc maneuvc’r is rxpected to  take place cight days a f te r  the launch. 

The  midcourse motor  has a capability of adding 120 miles  

All s y s t e m s  on the spacecraf t  a r e  working normally and the te lemetry quality is 
d c s c r i b d  a s ex c 11 r nt . 

The dis tance of hlarincr f rom Earth a t  noon, PDT, was 113, 294 miles .  

Noon, August 28, 1962 Mariner  2, 1st Ray 

Marint>r 2 was 296, 836 miles  f rom the Earth traveling a t  a velocity of 7, 312 miles  p e r  
hour (rc>lative to  Earth)  on i t s  curving 180. 2 million mil€. journey to  f ly  by Venus. Scientists 

a t  t h t  Caltcch Jet Propulsion Laboratory now a r e  making calculations a s  to when t o  send the  
448-pound spacecraf t  the command that will change its cour se  to  fly by Venus at the  desired 

m i s s  distance. 
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2:00 p. m. ,  August 29, 1962 Mariner  2, 2nd Day 

At 9:13 a .  m. PDT, when the spacecraf t  was 447, 897 miles  f rom the Earth arid t ravc l -  
ing at a velocity of 7, 117 mi les  p e r  hour, a command was sent  to it f rom the Johannesburg 

station to  switch on the four interplanetary scientific experiments.  
executed and the four scientific experiments immediately responded by sending data. 

take some t ime,  however, to  evaluate the quality of the data, but a t  the moment it is possiblt. 

to  s ay  that a l l  four experiments  a r e  in working condition. 

The command was 
It will 

The four experiments,  designed to  provide information about the interplanetary envir-on- 

ment in which man will l a t e r  t ravel ,  a re :  

(1) 

(2) 

.I magnetometer t o  measu re  changes in the interplanetary magnetic fields. 

An ion chamber  and par t ic le  flux detector  to  measu re  charged par t ic le  intensity 

and distribution in interplanetary space.  

A cosmic dust detector  to  measu re  the density and distribution of cosmic dust.  

A so l a r  plasma spec t rometer  t o  measu re  the intensity and velocities of low 
energy protons from the Sun. 

lintil the  t ime  the science was turned on, the spacecraf t  had bt,c.n sending only engi- 

( 3 )  

( 4 )  

neering te lemetry,  such as tempera ture  measurements ,  ro l l  rat(&, pressurv  measurc>mcnts 
arid measurements  of so l a r  power available to  run the spacecraf t .  

, 
Noon, August 30, 1962 Mnriner 2, 3rd Day 

The midcourse maneuver attempt probably will be made Monday, September 3 to  a l t c r  

the flight path of the spacecraf t  s o  it will fly by the planet Venus at  a distance of about 

10, 000 miles. 

The midcourse correct ion commands will be sent f rom the Deep Space Instrumentation 

Facil i ty at Goldstone, California. Goldstone IS scheduled to  acquire  the spacecraf t  at 12:04 

p. m . ,  PDT, Monday and remain locked on t o  it until 10:58 p. m . ,  PDT, Monday. The mid- 

course  correct ion will be made during this  period. 
will be about 1. 5 million miles  f rom Earth.  

traveling away from the Ear th  at a velocity of about 6,780 mph. 
course  maneuver will be such as  to  dec rease  the velocity slightly, 

At the t ime  of the correction, Marinvr 

Before the correct ion,  the spacecraf t  will bc 
The direction of the mid- 

An important s tep  pr ior  t o  midcourse correct ion is Earth acquisition. This  is sched-  

uled t o  take place some  t ime  Sunday. 

During Ear th  acquisition, the spacecraf t  maintains i t s  lock on the Sun but positions 

itself so  the high gain antenna is pointing towards the Earth.  

properly the spacecraf t  for  the midcourse correction. 

This  is nect’ssary to position 
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1:00 a . m .  PDT,  September  3, 1962 Mar iner  2, 7th Day 

At 10:30 p. m. PDT, Sunday, Septr7mber 2, when Mar iner  2 was  approximately 1 . 2  

million mi lcs  f rom the Ear th  and traveling a t  a velocity of 6, 806 mi les  pt’r hour,  it s u c -  
ccissfully acted upon a s tored  command in the spacecraf t  and s ta r ted  a process  called Ea r th  

acquisition. 
i t s  so l a r  panels a t  the Sun but rolled on i t s  long axis, turned on its Ear th  senso r s  and s tabi-  

l i zed  i ts  att i tude s o  that the high gain directional antenna pointed a t  the Earth. 

In this  process ,  the spacccraf t  continued to hold its att i tude in whlch it points 

211 funrtions and subsys tems appeared to be operating in a normal  manner c.xcr,pt that 

the indicated Ear th  sc’nsor sensit ivity was low, reading a value which would ht. approximately 
c o r r w t  in cast of an acquisition of the Moon ra the r  than the Fhrth.  

2:4;j p. m. PD‘I‘, Scptem1x.r 3, 1962 

The l\/lnrint,r 2 midcourse m a n w v p r  did not take' place today. It was dc%c.idrd to  wait 

2 3  hours  i n  o rdo r  to  tsstablish m o r c  f i rmly whether thc I2arth senso r  is 1ockr.d on thcs fq:arth 
o r  thr, Moon. Nei thrr  of thvse si tuations is detr imental  to  the  long rang(’ S U C C ~ S S  of the 

mission, because a s  the spacecraft: g“ts farthc,r out on i t s  180. 2 million milt. journey to 
Venus, the Ekrth and Moon blend into oncs imagr’. flowevtLr, in  0rdt.r t o  c,xccut(* thc mid-  

cour se  maneuver with g rea t e r  assurancv  of succ(’ss,  i t  is necc’ssary to know at this r ~ l a -  

tively shor t  r a n p  whc,thcr the senso r  is looking at  the Moon or t he  Earth. 

5:40 p .  m. PL)T, Sty)tr,mber 4, 1962 M:irint.r 2,  8th Day 

It was dcAerm,ned that tht. Earth senso r  was locktd on thc, Ear th  and at  3:49 p. m.,  PDT, 

nlar incr  2 w a s  scnt  the midcoursc mancsuver cotnrnnnds dtbsigncd t o  changc i t s  cour sc  in 
spaccl and scnd it by the planet \‘taus a t  a miss tlistancc~ of about 10, 000 nii1c.s. 

PI) ‘r , t h t‘ s pa c c’c r a ft ex e cu t t d t h c c om m a nd . 
Pre l iminary  data  indicatc that tht- [)itch and rol l  changes w e r e  madc, t o  point the space-  

I t  4 :49  p. ni., 

craf t  in t h r  proper  direction and the midcourse motor d id  igni t t  and burn for tht ,  requircd 
t ime.  Thc midcourse motor  was ignited at  5:24:35 p. m . ,  PIIT, when thc spacecraf t  was 

1, 492, 500 mi lcs  f rom Earth. 

The  Ear th  senso r  srnsi t ivi ty  is still indicating a low value, the  cause  of the condi- 

tion i s  unknown a t  this t ime.  

Sc@ember 8, 1962 Mar iner  2, 12th Day 

At approximately 5:50 a.  m . ,  PDT, the science instrumtxnts w f - r e  automatically turned 
This  w a s  possibly causcd by a momtBntary loss  of lock on the Ear th  off for about 3 minutes. 

o r  thv Sun. 
were  back in lock within a f e w  seconds, before  any te lemet ry  samplcs  could indicate which 

a x i s  had lost lock. 
thc minimum gyro on cycle of about 3 minutes. 

a resu l t  of a micromc>tcoritc hit in the spacecraf t .  

The  gyros  wcrc  turned on (a  norma1 opcxration in this  condition) but a l l  s enso r s  

Thc. scic’ncc instruments  were’ automatically turned back on a t  thv tmd of 
This  loss of lock could conceivably have. bcstn 
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September 23, 1962 lLlariner 2, 27th Day 

At 1 a . m . ,  PDT, Monday, September 24, the Mariner  2 will be 4, 510, 268 miles f rom 

the Earth and thus will have surpassed  the rccord  of the Soviet Union's Venus spacecraf t  
which stopped t ransmit t ing when it was 4. 5 million miles  f rom the Ear th  eighteen days a f t e r  

it was launched. 
the interplanetary environment through which it is traveling. 

Marincr  2 is t ransmit t ing tclernctry on all channels and it i s  report ing on 

September 29, 1962 Mariner  2, 33rd Day 

At approximately 7:34 a. m . ,  PDT, the science instruments  werc  automatically turned 

off for about 3 minutes and thc sr 'acecraft  gyros came on. 
to  the normal  operating mode, the Fhrth senso r  sc>nsitivity indication was u p  to  a value equal 

t o  the prelaunch predictcd value for this  day. 

When all  subsystc3ms were  back 

October 30, 1962 Mar iner  2,  64th Day 

The Mariner  2 spacecraf t  today marked i ts  64th day of space  t ravel  by passing the 

Earth in i ts  109 day flight t o  the planet Venus. 
448-pound spacecraf t  was 11. 5 million miles  from F:arth--about half the dis tance to  the orbit  

of Venus--and traveling at a speed of' 70, 500 m i l ( , s  pvr hour in rrtlation to the Sun. 

This occurred at 5:00 a. m. ,  PS'I', when the 

3 : O O  p. m . ,  Novembr%r 8, 1962 Marincxr 2, "3rd Day 

The four interplanetary scientific t xp r r imcn t s  on b1:irinc.r 2 were  turned on again today 

by command f r o m  the Goldstone tracking station whtn thc spacvcraf t  was m o r e  than 14 .  G 

million miles  f rom the Earth.  

condition. 
detector,  a cosmic dust dcxtcctor and a so la r  plasma detector--were turned off Octobcsr 31 

in 0rdc.r to  reduce the power demand on the spacvcraft  when a drop in power supplied by the 

so l a r  panels w a s  noted. 

This  means that thcx spacecraf t  is back in i t s  normal  eruist '  

The  four experiments--a  magnc,tometer, an ion chambcr  and particit ,  flux 

After a l i t t le more  than a wctk during which the spacecraf t  sent back only engineering 
information and operated properly on the powrr available, the te lemet ry  indicated that the 
power supply f rom the  so l a r  panels had increased to  i t s  normal  level.  

November 15, 1962 Mariner  2, 80th Day 

Mariner  2 established a new deep space  measurement  communications rvcord today as  

it t ransmit ted e n g i n e ~ r i n g  and scientific data to Ear th  from nearly 18 million miles  in space.  

The ea r l i e r  communications record  was se t  by this country 's  Pioneer  V space  probe at  
a dis tance of 17.7 million miles .  A t  that dis tancr ,  on June 14, 1960, Pioneer  V's signal 

s t rength dropped below the minimum for t ransmiss ion  of data.  
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At 4:22 p. m . ,  PST, the drop in  power supplird by the  so l a r  panels reappeared. The  
Power power available is sufficient t o  allow leaving the sc ience  instruments  turned on, 

available f rom the  solar panels is related to  the spacecraf t  t o  Sun distance; as the 

dis tance decreases ,  the available power goes up. 

, 

November 25, 1962 Mariner  2, 90th Day 

Mariner  2 has  passed the communications record  distance.  At 4:46 a. m., PST, Mari-  

ner  was communicating with Earth at  22. 5 million miles,  fur ther  than any spaceprobe has  

ever  communicated back to  Earth.  

L)ecember 9, 1962 Mariner  2, 104th Day 

At 3:20 p. m . ,  PST, four tc.lt.mttry measurements  were  lost .  Thesrx were  thtl high 
gain antenna hinge angle, attitude control gas pressure ,  midcoursc propulsion gas  pr t ’ssure  

and midcourse propulsion fuel tank p res su re .  

5335 a . m . ,  December 14, 1962  Mariner 2, 109th Day 

At 5:35 a .  m . ,  PST, thc Golclstonr Tracking Station in thr  California dtxsert flashed a 

radio command to Mnrincr 2 ac ross  36 million miles of spacc as thc  spacecraf t  neared Venus. 

Six and a half minutes la te r ,  Goldstonc. rc,ceivtd verification that thc spacecraf t  had 
received and ac t td  on thc, command and thtx two rad iometers  onboard s ta r tcd  to  scan.  The  

spacecraf t  a l so  wcnt into the Venus mcountr>r mode, in which it shifts  f rom scnding mixcd 

science and engmc’c’ring tclemc,try into a mode i n  which it sends  a l l  scicric<’ te lcmctry.  

P r i o r  t o  the Goldstonc action, tht. Ccntral  Computer and Sequencer--the central  clock 

and t imcr  aboard the spacecraft--twict ,  had t r ied to  turn the radiomc.tcrs on and put thc 
spaccicraft into an encounter mode, and twice had failed. 

thc command from Goldstone. 

fully t ransmit t ing a command over  36 million miles  in space. 

Thc decision then was made to stbnd 

This action reprc.sc,nts a communication record in success -  

Marmer  is cxpectcd to  pass by Venus at  a distance of approximately 21, 000 miles  at 
about noon today climaxing a journr’y of 180. 2 million miles  over 109 .5  days.  

fly-by four experiments which have bccn on almost continuously sincc. launch will report  on 

conditions in the vicinity of Venus. Thesc  a r e :  magnetic fields, cosmic dust, charged 

par t ic les  and so la r  plasma. 

During the 

The two radiometers--infrared and microwave--are  designed to scan  thc planet and 

report  on the cloud cover  and surfact ,  tempctraturcs. 
tcrrninate a t  11:37 a .  m. ,  PST. 

The scan  will s t a r t  a t  10:55 a. m. and 

-?it the t ime  that the, radiometc,rst  scan mcchnnism is turned on, Mariner  will be 

approaching thv planet f rom thth dark  sidc and tnoving in a downward direction. 

Vtbnus, thc spacm’raft  will be moving in a direction to  thc right and bclow the Sun. 

As seen f rom 
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A s  Mariner  c ru i se s  past  Venus {ts s o l a r  panels wi l l  remain locked on the  Sun to  obtain 

electr ical  power. 
spacecraf t  and move in a nodding motion ac ross  the sur face  of Venus  at a r a t e  of ont-tenth 

of a degree  per  minute. 

s ide  and then the sunlit side.  

The  rad iometers  point in a dirrLction perpendicular t o  the ro l l  axis  of the 

A s  Mar iner  passc's Venus, the rad iometers  will f i r s t  scan  the dark  

This  planetary scanning period will las t  for  42  minutcs. During this  time, the findings 

of a l l  s ix  scientific experiments  will be t ransmit ted to the Woomera and Goldstone DSIF 
s ta t  ions. 

At 66 minutes before the point of c losest  approach, o r  10:55 a. m. ,  December 14, 

Mar iner  will bc> 25, 262 miles f rom Venus. 
approximatc.ly 87, 000 mph due> to  the gravitational pull of the planet. 

mc tc r s  should detect  thc  planet ' s  sur face  for the f i r s t  t i m t .  

At that t ime its  velocity will have increased t o  

At th i s  t ime the radio-  

It 3 3  minutes befort, the. point of c losest  approarh,  o r  11:17 a. m.,  Mariner  will pass  
It will s t i l l  be  moving thcs planet 's  terminator, o r  dividing line bctwtcn light and darkness .  

downward arid picking u p  s p c t d .  

Drawn by the gravitational fivld of Vr ,nus  the spacecraft continucbs to  accelcratc .  By 
11:37 a . m .  the scanning ptvriod c\ntls as V e n u s  movts  out of sight of the  radionicLtcrs. 
that point in timtl, h1arinc.r u i l l  bti going apprositnatt.1y 87, 000 mph. 

matc,ly 21,  700  milvs r1~2a-y whilt3 t h r  Earth is about 3 6 ,  000, 000 miles awriy. 

I t  

Vcmus will b c  approxr- 

Twcanty-thrcbc minu t t>s  lntcxr, a t  1 2 : O l  p.  m . ,  Mariner  will r t a c h  thcb position of c losest  

approach, :ipproximatt.ly 2 1 ,  000 miles from L'vnus. 

88, 400  rnl)h. 

I t  w i l l  be travc,ling approxim:itcly 

' I t i t .  gravitational attrac?ion of \'(,nus u i l l  hnvc incr .<~ascd  XIar inc~r ' s  1 (%loci ty  by 1, -100 

inph in  onc' hour. 
cffr\ct and s t a r t s  slowing tht. 
craft ,  the  gravitational ficbld also will btlnd Marmr.r 's  t ra jcc tory  by about 25 dcg rces  during 

~ n c  ount e r  . 

Is t h c x  s i )nct .craf t  s t a r t s  rncn-uig away from Venus, gravity rm t'rsc-s i t s  

cc3craFt down. In addition to  changing thv sptxcd of the. spacc-  

After  c losest  approach, Llarincxr will be s e n t  a radio command to turn off i t s  radio- 
mtxtcrs and re turn  to  thta cruisv mode. 
resumt'  the sending of enginwring data and will continue to take measurements  with i ts  

interplanetary instrumcnts .  

W h e n  the command is obeyed thch spacecraf t  w i l l  

On Dccember 27,  it will reach  i ts  closfast point to  thr, Sun, 65, 539, 000 miles .  

t ime,  ~ t s  vr.locity will bc approximately 85, 300 mph. It will be 2, 700, 000 miles  f rom Venus 
and M;irinc.r thcn will be 44, 213, 000 miles  f rom Fhrth in a he l ioc tn t r ic  orbit  around the Sun. 

t.'ncc~rtainties in  Mar ine r ' s  t ra jec tory  rcsulted from: the effect of so l a r  pressurt ' ,  the  

At this  

m a s s  and gravitational fields of the Fhrth and Venus, the exact location of ground tracking 

stations and thc astronomical  unit. 
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Refinements in these  uncertainties will be achieved by analysis  of the tracking and 
doppler data collected during Il larincr 's  t r i p  and during the encounter pha,t? when Mar iner ' s  

t ra jec tory  i s  perturbed by Venus gravity.  

The dopplcr effect is a principle of physics in which the frequency of radio waves appear  
t o  increase  when a t r ansmi t t e r  and rece iver  a r e  approaching each other,  and to  dec rease  

when they arch moving apart .  

of i ts  signals.  

The speed of Mariner  is determined by analysis of the frcquency 

Deccmbrr  2 7 ,  1962  Mariner  2, 122nd Day 

At 9 : lO p. m. ,  PST, the spacecraf t  reached i ts  point of c losest  approach to  the Sun. 

Thc> spacecraf t  to Sun distanct. at this point was 65, 793, 000 miles .  

Deccmb<~r  30, 1962 M:iriner 2, 125th Day 

At 11:28 a. m . ,  IJST, thc spacecraf t  rcfvr t*ncc frequcncy sourc( '  failed and thc Crtqucncy 

ch3ngc.d to i ts  natural  rchsonant f r tqumcy .  
8. 33 bi ts  pcr  sc,cond to  7.  39 bits per second. 

Th i s  resulted in lowering tht. t ? l t~rnc~t ry  bit frorn 

,January 3, 1 9 6 3  h l a r in t r  2, 129th Day 

!Mariner 2, lost its contact with Earth aftrsr 129 days of flight, when it w a s  54. 3 million 

miles  from the Ear th  and 5. 7 million miles  f rom V m u s .  

M a  r in t' r s c,t a c o m mun i c at ions r c> c ortl , s cmd ing u s  e fu 1 t e 1 em et r y  in form at ion con t mu - 
ously over a distance, of m o r r  than 54 million miles .  

.January 10, 1963  

'I'hc complete success  of the hlar iner  2 has  made it possible for  the National *\cro- 

nautics and Space Administration to  modify i ts  program of planetary exploration. 

N..\SA announced that instead of repeating the Venus mission in 1964, it will concentrate 

on other projects  such a s  the Mars  mission now a lso  planned for 1964, and la te r  Venus 

missions with advanced Mx-incr spacccraf t .  

Because of the long lead t imes  n c c w s a r y  to  prepare  for planetary missions,  plans for 
In  the light the 1964 flights had to  be initiated well bcforc completion of the Msr iner  2 flight. 

of the mass  of data obtained by Mariner 2, K:2S4, on thc recommendation of the Jet  P ro -  

pulsion Laboratory,  has eliminated a repetition of thc Venus mission which until now had 

btsen planned for  the t ime  of the next Venus opportunity in 1964. 
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EARTH 
M C  14 

w26w 
Solar Orbit of hlariner 2 

Diagram rt.lcascd by the Jc.t Propulsion Laboratory of the California Institute of Technology 

Dcceinber 14. Mariner  will become a satell i ty of the Sun and follow an orbital  path that w i l l  
c a r r y  it outsidcx the  orbit  of Earth and back to the orbit  of Vcnus. 

c ts  the path that the Mnrincr spacccraf t  will follow af te r  the fly-by of Vcnus on 

i 
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Marinc.r 2 P a s s  of Venus as Seen f rom Inside Venus Orbi t  

Mariner  2 Pass of Venus as  Seen f rom Earth 

Pa th  of t h t  lb'hriner spacecraf t  during the  December 14 fly-by of the  planet 
Venus depictcd in by a r t i s t ' s  concept re leased by thc  Je t  Propulsion Lnbora- 
t o ry  of the. California Institutc of Technology. Scan zonr  of drawing d e l i t i n t d  
per iod of time that two planetary rxperimcnts ,  rnfrarcd and rnicrowavc. ratl10- 
rnctcrs w i l l  bcb able to mc'asurc% infrared and microw3ve radiation from V c n u s .  
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Section 111 EPD- 129 Table of Distance and Velocity During Flight 

Date 
P.D.T. 

8/27/63 

12:19 AM 

4:OO AM 

8:OO AM 

12:oo '.I I oon 

4:OO PM 

8:OO PM 

1200 MN 

8/28 62 

4:OO AM 

8:OO AM 

12:OO Noon 

r i m e  of  rneas-  
Jrernent  for 
ollowing d a y s  - 

12:OO Noon 

8/ 29/62 

8/30/62 

8/31 '62 

9 '1 /62 

9/2/62 

9 '3/62 

9/4 '62 

T i m e  of rneas- 
J rernent  for 
Following days 

11:OO AM 

9/5/62 

9/6/62 

9/7/62 

- 
0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 - 

Distance from 
Earth - Miles 

408 1 

45025 

8 1 309 

114654 

146548 

177552 

207947 

237895 

267 50 1 

296834 

469187 

637957 

804709 

970069 

11 34339 

1297682 

1460192 

1614000 

177 3000 

1932000 

M PH 
Relative to Earth 

25550 

10012 

8698 

8173 

7879 

7689 

7554 

7454 

7375 

731 2 

7093 

6986 

6917 

6867 

6825 

6788 

6755 

666 1 

663 1 

6603 

MPH 
Relative to Sun 

60233 

60322 

6041 3 

Distance 
from Venus 
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Date 

P.D.T.  

-!me of meas- 
lrernent for 
o l l o w i n g  days - 

1:OO PM 

9 8 62 

9 9 62 

9 10 

9 11 

9 12 

9 13 

9 14 

9 15 

9 16 

9 17 

9 18 

9 19 

9 20 

9 '21 

9 22 

9/23 

9/24 

r i m e  of m e a s -  
r rement  f o r  
o l l o w i n g  d a y s -  

11:OO AM 
9 I25 

9 26 

9 27 

9 28 

9 2 9  

9 30 

111-4 

Day 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 - 

Distance from 
Earth- Miles 

2 1 0 398 5.9 

226 1 543.1 

241851 1.6 

2574942.1 

2730894.1 

2086434 3 

304 1633.4 

319656 1.6 

3351 284.5 

3505861 1 

3660342 7 

38 14774.9 

3969200.2 

41 23660.5 

427 8 200.6 

4432869.2 

4587721.0 

4725095.0 

4880376.0 

5036051 .O 

5192212.0 

5348963 0 

5506421 0 

MPH 
Relative to Earth 

6577 9 

6552.6 

6529.5 

6508.9 

6491 1 

6476.5 

6465 1 

6456 9 

6451.6 

6448.8 

6448 5 

6450 2 

6454 2 

6460.4 

6469.1 

6480.5 

6495 1 

6507 

6 529 

6555 

6 586 

6623 

6667 

MPH 
Relative to Sun 

605 10.7 

60608.7 

60709.9 

608 14.5 

60922.5 

61034.2 

61149 4 

61268.4 

6 139 1.1 

61517.6 

61647.9 

6 178 1.9 

61919.8 

62061.6 

62207.2 

62356.0 

62510.1 

62658.0 

62819.0 

62984.0 

63 152.0 

6 3324.0 

63501 .O 

Distance 
from Venus 

5751 5267 

56637690 

55760870 

5488 50 19 

540 10352 

531 37098 

52265470 

51395693 

5052799 1 

4966258 2 

48799694 

47939546 

47082364 

46228370 

45377783 

44530828 

4 3687 7 25 

42923168 

42088202 

41257723 

4043 1949 

396 1 1096 

3879 5372 
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Date 
P.D.T. 

10 1 

10 2 

TO '3 

10, 4 

10 5 

10 6 

10 7 

10 8 

10 9 

10 10 

10 11 

10 12 

10 13 

10 14 

10 15 

10 16 

10 17 

10 18 

10 19 

10/20 

10/21 

10122 

10123 

10i24 

10 '25 

10/26 

10 /27 

Day 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

Distance from 

56647 17.0 

5823996.0 

59844 17.0 

6 146 156 .O 

6 309404.0 

6474368.0 

6641 269 0 

6810349 0 

698 1860 0 

7 156070 0 

7333258 0 

7513704 0 

7697698.0 

78855 10.0 

8077415.0 

8273671 .O 

8474534.0 

86802 54.0 

889 1076 0 

9107250 0 

9 329027.0 

9 556660 .O 

9790408.0 

10030530.0 

10277292.0 

10530959.0 

10791803.0 

MPW 
Relative to Earth 

6717 

6774 

68 40 

6915 

6992 

7032 

7196 

731 1 

7438 

7575 

7724 

7885 

80% 

8237 

8428 

8628 

8837 

9055 

9282 

9517 

976 1 

10014 

10276 

10547 

10828 

11118 

11418 

MPH 
Relative to Sun 

63681 .O 

63864.0 

64052.0 

64244.0 

64439.0 

64639.0 

64842.0 

6 5049 .O 

65260 0 

65474 0 

65693 0 

659 15.0 

66141 .O 

66370.0 

66604 0 

66840.0 

67081 .O 

67325.0 

67 573.0 

67825.0 

68080.0 

68338.0 

68600.0 

6886 5.0 

691 34.0 

69406.0 

6986 1 .O 

Distance 
from Venus 

37984993 

37 180 166 

3638 1098 

35587991 

3480 1054 

34020483 

33246476 

32479226 

3 1718928 

30965766 

30219929 

29481 593 

287 509 36 

28028 130 

273 13345 

2660674 1 

25908478 

25218708 

24537579 

23865230 

23201 796 

22547402 

2 1 902 1 76 

2 1266225 

20639655 

2002256 2 

19415038 

m-5 
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Date 

P. S. T. 

10 /'28 

10 '29 

10/'30 

10'31 

11/'1 

11/2 

11  '3 

11,4 

1 1 /5 

11/6 

1117 

11 '8 

1 1 19 

11, ' lO 

11/ 11 

11 ,12  

11/13 

11/14 

11/15 

11/16 

11/17 

11/18 

11/19 

1 1/20 

11 /'21 

1 1/'22 

11/23 

1 1 /24 

.II- 6 

Day 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

Distance from 
Earth - Miles 

1 1060096.0 

11336115.0 

11620139.0 

11912448.0 

12213324.0 

12523050.0 

1284 1909 .O 

13170184.0 

13508 152.0 

1 3856089.0 

14214262.0 

14582928 0 

14962328.0 

15352686.0 

1 57 54207.0 

16 167067.0 

1659 1425.0 

17027418.0 

17475 166.0 

1 7934779.0 

18406353.0 

18889980.0 

19 385742.0 

19893715.0 

2041 3968 .O 

20946562.0 

2 1 49 1 553 .O 

22048985.0 

MPH 
Relative to Earth 

1 1728 

12049 

1 2379 

12720 

13072 

13435 

13808 

14193 

14589 

14996 

15414 

15843 

16283 

16732 

17192 

17660 

18137 

18622 

191 16 

19618 

20128 

20646 

21 173 

2 1708 

22252 

22804 

23365 

23835 

MPH 
Relative to Sun 

69959.0 

70241.0 

70526.0 

70813.0 

71 104.0 

71397.0 

71694.0 

71993.0 

72294.0 

7 2598.0 

7 290 5.0 

73214.0 

73525.0 

7 3838 .O 

74153.0 

74470.0 

74788.0 

75108.0 

75430.0 

7 5753.0 

76077.0 

76402.0 

76727.0 

77053.0 

77 389.0 

77766 .O 

78032.0 

78358.0 

Distance 
from Venus 

188 171 57 

1822899 1 

17650598 

17082025 

1 6 523309 

15974477 

1543554 1 

14906500 

14387342 

13878040 

13378552 

12888822 

1240878 1 

11938340 

1 1477399 

11025831 

10583519 

10150293 

97 2 5990 

9310423 

8903389 

8504668 

8114025 

7731 206 

7355942 

6987954 

6626942 

627259 5 
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Date 
P. S. T. 

11 '25 

11/26 

1 1/27 

1 1 /'28 

11/29 

1 1/30 

1211 

12/2 

12/3 

12/4 

1215 

12/6 

12/7 

1218 

12/9 

12/10 

12/11 

12/12 

12/13 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

12/14(PST) 109 

11:oo AM 

11:15.9 AM 

11:36.9 AM 

12:OO Noon 

1:00 PM 

12/15(PST) 110 

12:OO Noon 

4:OO PM 

Distance from 
Earth - Miles 

22618901 .O 

23201332.0 

23796305.0 

24403841 .O 

25023951 .O 

25656642.0 

26 30 19 10.0 

26959744.0 

276301 23.0 

2831 301 1 .O 

29008361 0 

29716110.0 

30436 178.0 

31 168474.0 

3 19 12889 .O 

3 266 9 3 1 6.0 

33437672.0 

342 1 798 3.0 

350 1074 1 .O 

3 5869499.0 

35879232.0 

35892235.0 

35906694.0 

35944642.0 

36 7949 27.0 

36941662.0 

M PH 
Relative to Earth 

24514 

25101 

25698 

26304 

26919 

27543 

28 177 

28820 

29473 

30 135 

30806 

31486 

32176 

32875 

33583 

3430 1 

35032 

35787 

366 10 

39959.9 

40163.1 

40399.5 

40572.4 

40480.0 

38962.3 

39028.4 

MPH 
Relative to Sun 

78683.0 

79008.0 

79331 .O 

79653.0 

79974.0 

80293.0 

80610.0 

80924.0 

8 1235.0 

81544.0 

81850.0 

82152.0 

8 2450.0 

82745.0 

83036.0 

83325.0 

836 12.0 

83905.0 

8 4234.0 

87152.9 

87481.6 

87938.6 

8841 5.9 

89141.9 

88498.1 

8849 1 .3 

Distance 
from Venus 

59 24592 

5582598 

5246270 

49 15256 

4589 199 

4267737 

395050 1 

3637124 

33272 39 

3020477 

27 16478 

241 4880 

21 15331 

1817477 

1520969 

1225447 

930253 

635222 

340303 

24673.5 

23113.3 

2 1690.4 

21 118.3 

24600.6 

303400.4 

35278 1.6 

111 -7 
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1 Doy 
P. s. T. 

r i m e  of m e a s -  

12 16(PST) 111 

12/17(PST) 112 

12 18(PST) 113 

12 19(PST) 114 

12 20(PST) 115 

12 21 (PST) 116 

12 ’22 (PST) 117 

12/23(PST) 118 

12 24(PST) 119 

12 25(PST) 120 

12 26(PST) 121 

12 27(PST) 122 

12 28(PST) 123 

12,’29(PST) 124 

Time o f  m e a s -  
i r emen t  for 
’ol iowing d a y s -  

12:OO Noon 

12’30 125 

12’31 126 

1,2 63 127 

1 3/’63 128 

Distance from 
Earth - Miles 

37827 135 0 

38719004.0 

396 17537 0 

40522476 0 

4143341 1 0 

42349857.0 

4327 1304 0 

44197208 0 

451 27023.0 

46060 183.0 

46996 133.0 

4 7934 307.0 

48874142.0 

4981 5075.0 

5075655 2 

5 1698020 

53400000 

54300000 

MPH 

39546.5 

40121.8 

407 10.5 

4 1302.0 

41892.1 

42478.6 

43060 3 

43635 9 

44204.9 

44766.4 

45320.0 

45865.2 

46401.6 

46928.9 

47446.8 

47955.0 

48946 

49430 

~~~ 

Relative to Sun 

88589 4 

88721 7 

88853 8 

88977.4 

89089 2 

89187 6 

89271 8 

89341 2 

89395.3 

89433.9 

89456 7 

a946 3.8 

89454 9 

89430.1 

89389 4 

89332.9 

89185.0 

89087 0 

Distance 
from Venus 

6484 14.1 

942918.7 

1236820.1 

i 530258.8 

1823227.8 

21 15636 2 

2407347 0 

2698177 4 

2987920 6 

3276335.9 

3563 1 70.2 

384% 147.4 

4 130979.7 

441 1366.1 

4689005.1 

496 3585.6 

5470000 

5730000 
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SF:CTION IV 

RESULTS O F  TIIE M.4RINER 2 hlISSTON 

.‘I. I N T RODU C T 10  N 

Venus is covered by cold dense clouds in the upper a tmosphere;  i t  has  surface 
tempera tures  on the  o rde r  of 800 degrees  Fahrenheit;  it has  a cold spot in the southern 

hemisphere;  the  tempera tures  a r e  essentially the s a m e  on both the dark  and sunlighted 
sides;  it is without the high density electron ionosphere that  s o m e  scient is ts  had specu- 

lated existed there ;  and the  amount of carbon dioxide in  the  atmosphere above the cloud 
layer  is too sma l l  t o  be  detected by the n/lariner instruments.  

The  rad iometers  made th ree  complete scans  of the planet, one on the  sunlighted 
side,  one on the dark  s ide  and one ac ross  the terminator .  (The te rmina tor  is the line 

scparat ing the sunlighted s ide  f rom the dark  s ide.)  A total  of eighteen data points were  
obtained--five readings f rom the sunlighted side,  five f rom dark  s ide  and eight a c r o s s  
the t r rmina t  or. 

From thvsc rcadings,  it i s  possible, t o  determine the tempera tures  of the cloud cover 

and of the sur face ,  o r  relatively close to the surface.  

‘Thv resu l t s  tcnd to  confirm s o m e  theories  that had existed concerning the nature of 

Venus and overthrow other theories .  

,Ilthough Venus is our  c losest  planetary neighbor, Ear th  based observations a r e  

hamprred by the combination of the atmospheres  of the two planets and the dis tance sepa-  

rating them. 
the t ime  of the Mariner  fly-by, Venus was 36 million miles  f rom the Earth.  

A t  Inferior conjunction, Venus i s  some 26 million miles  f rom the Earth.  A t  

Earth based spectrographic  observatlons (identification of mater ia l s  according t o  the 

manner in which they emit o r  absorb  light) have indicated that the atmosphere of Venus 
contains carbon dioxide, but probably has littie f r ee  oxygen o r  water vapor. 

Other Earth based measurements  have been made in the microwave and infrared 
regions of the  spec t rum to  t ry  to  detect  sur face  tempera tures .  

measurements  showed brightness tempera tures  of approximately 600 degrees  Fahrenheit 
n w r  the surface,  averaged over  the ent i re  planet, and the infrared measurements  showed 

The  t e r r e s t r i a l  microwave 
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readings of minus 40 degrees  Fahrenheit  in the upper atmosphere.  
dis tances  over which the measurements  were  made and other  factors ,  the scient is ts  who 

took them could not be  s u r e  of the significance of the i r  measurements .  

But because of the 

Thus, Mar iner ’s  mission during the fly-by was to  take measurements  on two channels 

in the microwave region of the  radio spec t rum and two measurements  in the infrared region 

of the spectrum. 

infrared radiometer .  
the D ~ e p  Space Instrumentation Facil i ty on the morning of Dt.cembcr 1 4  and immediately 
s ta r ted  to  scan,  even though the  planet encounter was st i l l  s i x  and one half hours  away. 
scan  of the planet s ta r ted  at  2:59 p. m. (EST) and lasted until 3:34 p. m. (EST). 

scan  was on the dark  side, the second a c r o s s  thc. t e rmina tor  and the third was on thc  light 

side.  
motion w a s  provided by the velocity of thc spacecraf t  past  the planet. 
continued to scan  even though the planet had been left behind until the  command was sent an 
hour la te r  t o  re turn  the spacecraf t  to  i t s  c ru i sc  modt>, which had the effect of turning the 
rad iom et t rs  off. 

These  two instruments  were (*ailed the microwavc radi0metc.r and the 
They were  turned on by radio command f rom the Goldstone Station of 

The 
The f i r s t  

The instrurncnts scanned in a nodding motion, up  and down the planet, and the la te ra l  
The instruments  

€ 3 .  M IC R( )W A V F: RAD IOM ET ER 

The microwavc radiometer  scanned the sur face  of Venus at two wave lengths, dett-cting 

In thca r-lt.ctromagnetic spvctrum, 13. 5 c’missioris f r o m  Vc,nus at 13. 5 and 19 mi l l imeters .  

m m  is thv location of a microwave watcr  absorption band. If  water is present  in the atmos- 
phercl of Venus above ccrtain minimal I r v f % l s ,  the  rc.ndings from this  instrument will be able 

to  dctc.ct it. 
upon  Fhrth based obs<,rvations in  the n m r  infrared re’gion have indicated that the 13. 5 m m  

radiation would not bc controlled to  any detc>ctablt. degrve by watc.r vapor. 

length, however, is not affected by water vapor arid was capable of penetrating thc cloud 
cover and deeper  a tmosphere down to the sur face  o r  very c lose  to  the surface.  

IIowever, vst imates  of the water  vapor conttmt of the Venus atmosphere based 

The 19 m m  w a v e  

The 13. 5 m m  measurements  would see  the atmospheric  radiation as  well a s  that f rom 
the surface.  
of hot tempera tures  near  o r  a t  thc  surface,  warm tempera tures  in the atmosphtxrc above the 
sur face  and low tempera tures  f rom the high atmosphc>re. 

microwave absorber ,  the radiometer  operating at 13.  5 m m  will be able to  s e e  only vlto the 
upper layers  of the atmosphere and will repor t  t empera tures  colder than the average.  

comparison, the 19 m m  radiometer  s e e s  through the atmosphere direct ly  to  the surface,  o r  
c lose to  it. Thus, the l a rge r  the tempera ture  differenccs between the two radiornetcr 
measurements ,  the more  water  vapor 1s present  in the atmosphere.  In addition, the 19 mlli i-  

me te r  wavelength was able to  tes t  two of the thcorics  concerning the atmosphere of Venus by 

detecting one of two conditions called l imb brightening or l imb darkening. 

Thus, the tempera ture  determined f r o m  these measurements  will be a n  av r rage  

I f  the  a tmosphere is a s t rong 

In 

I V - 2  
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One of the models of Venus postulated that Venus has  an ionosphere wi th  an electron 

density thousands of t imes  that of t he  Earth.  If this were  t rue,  it easi ly  could have misled 

sc ien t i s t s  attempting to  compute Venus tempera tures  f rom Ear th  based radio measurements .  
The 19 m m  wavelength measurement  was able  to  show that Venus does not, in fact, have th i s  

super  ionosphere. 
measurements  cannot accomplish th i s  task.  

It did this  by detecting the condition called l imb darkening. Ear th  based 

A s  the radiometer  scanned the planet, it looked through the least  amount of a tmosphcrc 

when it w a s  pointed s t ra ight  down in relation to  the planet, and the most amount of a tmos-  

phere when it w a s  pointed a t  the limb, or  edge of the planet. 
the  Earth f rom thousands of miles  in space  on a day when the  Ear th  is covered by a bright, 

glowing mist .  
observer  would be looking at a thicker  concentration of mis t  a t  the l imbs. 
electron density ionosphere, such as a radio "mist, " had existed around Venus, the radio- 
me te r  would have detected the condition called l imb brightening as  it looked through the 
g r e a t e r  concentration of e lectrons in the atmosphere at  the edges of the planet. 

This  is analogous t o  looking at  

The mis t  would be m o r e  evident at the l imbs than in the center,  s ince  thc 

Thus, i f  a high 

The o ther  theory--and the one which had been assumed by most  scient is ts  before the  
Mar iner  measurements  --is that Ear th  based radio measurements  a r e  indeed explained by a 

hot sur face  on the planet. According to  th i s  theory, the atmosphere above the sur face  gets  

coldcr  and colder  with height, and the re  is not a high electron density ionosphere around 

Vcnus. 

Looking at  the planet f rom space,  then, would be analogous t o  looking a t  a glowing hot  
Ear th  covered by da rk  and cool clouds. Looking s t ra ight  down, one would sec the  hot surface,  

but looking toward the edge one would be looking through a thicker concentration of the coo l r r  

clouds, and might not see any of the hot sur face .  The  edge, o r  limb, would appear  darker .  
It w a s  this  condition, l imb darkening, which was detected fo r  the f i r s t  t imc  as i t  flew by 

Venus. 

The  microwave had a scan  motion angular extent of 123. 5 degrees  and scanned at  thc  

r a t e  of 0 . 1  deg rees  a second. 

Scan Number 

1 2 3 

Angular extent About 10 degrees  About 15 degrees  About 10 degrces  

Altitude at  mid-scan 25, 000 mi les  23, 500 miles  22, 500 miles  

Scan location Dark s ide  Near te rmina tor  Light s ide  

Brightness tempera ture  370 degrees  F. ' 570 degrees  F. 260 degrees  F. 
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Brightness tempera ture  is calculated f rom a formula using the amount of light, o r  radio 

energy emitted by an object. 
cent c.fficient in emitting light--such a s  the Sun, for  an  example, or an ideal black body. 

Hut .f + t i #  object 1s not a perfect light emitter--and most  objects are not--then the light and 

In using this  formula,  it is assumed that the object is 100 per -  

wicrgy is some  fraction of that which would be emitted by a 100 percent efficient body, 

Thus,  brightness arid t h e  object real ly  is hotter than the brightness measurement  indicates.  
t empera turc  is the minimum possible tcmpera turc  consistent with the measurements .  

I 

This  means that the. brightness tempr’raturcs observed by the microwave radiometer  
It will take somt. a r e  lower than the actual tempera tures  that exist  a t  o r  near  the surface. 

t ime to  reduce the brightnc%ss nurnbcrs to  tvmperature  numbers,  but a prel iminary est imatc  

is that V e n u s  has  a su r fac r  tcmpera turc  of approximately 800 degrees  Fahrenheit at the 
terminator ,  which is probably closest  to  thtl average. 

also a r e  affected by the limb darkvning phvnomcnon. 

Tempera ture  r<.ndings from the &ges 

The microwave radiometer  weighed 2 3 .  8 pounds and rcquired 3. 5 watts of power during 

i t s  operation and 8 .9  watts durmg tht. ptxriods when it was calibrated.  

The experimenters,  a r e  Profrlssor A.  € I .  Barrcbtt, Research Laboratory of Electronics,  
Massachusetts Institute of ‘I’cchnology; Jack Copcland, Ewen Knight Corporation, D. E. 
,Jones, Brigham Young University/JPI,;  and Profc.ssor A.  E. Lilley, Hnrvard College Obser -  

vatory.  An important contributor was F. T. Rarnth, California Institute of Technology Je t  
Propulsion Laboratory.  

C.  ISFRARED R A D I O M E T E R  

The infrared radiometer  is a companion expcrimt%nt to  the microwave radiometer  and 
the data obtained from it a r e  being correlated with the microwave rad iometer  data. The IR 

radiometer  w a s  rigidly attached to the microwave antenna so that both sys t ems  scanned the 

s a m e  a r e a s  of Venus. 

The IR rad iometer  was designed to  detect  emissions f rom Venus at 8 . 4  and 10.4 micron 

wavelengths of the spectrum. Measurements  f rom Ear th  taken a t  these  two wavelengths 
indicated tempera tures  below zero,  but i t  was not c l e a r  f rom the data whether a l l  of this  

radiation came from the cloud tops o r  whether some  of it emanated from the atmosphere or  
f rom the sur face  through cloud breaks.  

F o r  many years ,  some as t ronomers  have been able to  obscxrve some kind of markings 
The  lack of regular i ty  in in the Venus cloud cover that change with no apparent regularity.  

these  markings h a s  left the i r  nature m doubt. If these  markings a r e  indeed cloud breaks,  
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they will stand out with p r a t e r  contrast  in  the infrared than i f  observed in the visible par t  of 

the spectrum. If the radrant energy detected comes from thr. cloud tops and thcLre a r c  no 
breaks,  then the tempera tures  obtained at  both infrared wavelengths will follow a s imi l a r  

pattern.  
detected between measurements  a t  the two wavelengths. 
8 micron region, the atmosphere is t ransparent  except for clouds. 

region, however, thc. lower atmosphere is hidden by thc presence of carbon dioxide. Through 

a cloud break, the 8 micron emission would penetrate to  a much lower point in the atmos-  

phere.  

If t he re  a r e  appreciable breaks  in the clouds, a substantial  difference will be 
The reason  for  this  is that in thc  

In the 10  micron 

Prc>liminary analysis of the data f rom both wavelengths of the IR  radiometer  gives 

This  suggests  that both channels saw approximately the s a m e  tcxmpcrature at a l l  pomts. 
down to the  s a m e  depth in the Venus clouds, indicating that both channels were  looking at a 

thick, dense clout1 layer  opayue  to  infrared radiation. If  t he rc  had been breaks in this 
cloud mabs,  the 8 micron channel would have seen  down to a deeper ,  hotttar region, but t h t  
v i e w  of thc 10 micron detector  would h a w  been stopped at a higher altitude by the carbon 
dioxide in  the Vcnus atmosphere.  
dioxide is an important  constituent of the Vc.nus atmosphcrc.  
abovcl this cloud layt~r--which was opaque to  the infrarcd channels--was too smal l  to  bt, 
detected by the M3rinc.r instrumrsnts. 

From m r t h  bascd measurements ,  it is known that carbon 

Thca amount of carbon dioxide 

The IR  instrumc.nts observ td  limb darkming,  a s  did the microwave radiomctc-r, anti 

for a s imi l a r  reason. 

translucent t o  infrared--1ikt a thin fog i s  translucent to  ordinary light. In that par t  of t h t  
scan  in which the IR  radiometer  looked down at the center  of the planet, it could s c ’ t ’  a 

deeper,  hotter and br ighter  part  of the cloud laycr ,  but at thc> limb of the planet thc j c n s o r s  
were  looking edgewise through the cloud, and could not s e e  so deeply. 
and da rke r  portion of the cloud layer  was visible.  Chic1 can compare this  t o  the phenomenon 
that occurs  on a foggy day when by lookmg straight  up  the s k y  is blue but whcn looking along 
the horizon the fog is gray  and dense.  

This  obsc,rvation indicates that the cloud layer  is thick and somcawhnt 

Only the u p p e r  cooler 

Thc IR measurcmrnts  producc’d a curious rc.sult. Toward the south crid of the- t c r m i -  
nator,  thc tcmpcraturtqs on both channels showed a cold spot on Vcbnus, about 2 0  c l t > g r r l t s  

Vahrtnhcit cooler than the r e s t  of thc’ cloud layer .  

a r c  higher, o r  more  opaque, o r  both. An interc.sting possibility is that this  cool(,r st,ction 
of the cloud layer IS associated with some hidden surinc.e 1tLri tur-e .  

only anomaly observed. 

This mcxnns that thc. clouds in this rcsgion 

This cold spot was this 
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The infrared rad iometer  w a s  approximately a 5 inch cube. It weighed 2.7 pounds and 

used 2 watts of power in its operation. 

The exper imenters  a r e  Dr.  L. D. Kaplan, University of Nevada/JPL;  Dr. G e r r y  

Neugebaucr, Cal tech/JPL.  
D r .  C a r l  Sagan, Harvard College Observatory w a s  an active participant during the  concepti0 

and planning of the experiment.  

An important contributor w a s  S. C .  Chase,  Cal tech/JPL.  

Mar iner  2 Radiometer Scans of Venus 
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Mar iner  2 Microwave Tempera tu re  Study of the 
Venus Atmosphere and Surface 

Mar iner  2 Infrared Tempera tu re  Study of the Clouds of Venus 
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D. FIELDS AND PARTICLES E X P E R I h I E N T S  

The eight f ields and par t ic les  s enso r s  which were ca r r i ed  on Xlariner 2, have 

produced an  unprecedented quantity of high quality data on the nature  of the interplanetary 

medium. The Mariner  data,  for example,  indicating that so l a r  gas  continuously flows out 
f rom the Sun a t  g rea t  speeds appears  to set t le  a 30-year old scientific controversy.  

the 129 days between launching and the final loss of radio contact with the spacecraf t ,  

f ields and par t ic les  data were  actually recorded by the tracking stations for  approximately 

104.1 days.  

During 

Radio s ignals  from the 2Iar iner  spacecraf t  were heard for  the las t  t ime by the Deep 
Space Instrumentation Facility station in Johannesburg, South Africa,  a t  the conclusion of 

i t s  acquisition period at 2:00 a.m..  , EST, on January 3. At that t ime,  the spacecraf t  was 

53.9 million miles  from Ear th ,  5.6 mill ion mi les  beyond Venus, and had t raveled 223.7 
million mi les  s ince launch on August 27. 

Data w e r e  recorded without interruption for  one period of 38. 3 days and For three  
Uothing approaching this  continuous long-term o ther  periods of g rea t e r  than nine days.  

coverage of a distant space probe has  ever  bpen achieved before,  and such cover'ige is 
of great  value for  experiments  which a r e  attempting to discover  the ttbmporal and spatial  
va riations in interplanetary phenomena. 

The eight f ields and par t ic les  s enso r s  included th ree  to measu re  magnetic field 

components, th ree  to  count cosmic- ray  par t ic les ,  one to measu re  the ionization produced 
by cosmic rays,  and one to  measu re  the energy and quantity of so l a r  plasma (positively- 
charged atomic par t ic les  with very low velocit ies).  

The scient is ts  in charge of the magnetometer  were Ilr. Paul J ,  Coleman of the 
1Jniversity of California a t  Los Angeles, Professor  Leverett  Davis, Jr . ,  of the California 
Institute o f  Technology, D r .  Edward J. Smith of the Je t  Propulsion Laboratory,  and U r .  

Charles  P. Sonett of the Ames Research  Center  of NASA, This  instrument measured  
each of th ree  components of the magnetic field approximately 240,000 t imes  during the 

m is s ion. 

The cosmic radiation, of both so l a r  and galactic or igin,  w a s  monitored by three  

omnidirectional detectors  and one unidirectional detector.  The omnidirectional 
detectors-  -an ionization chamber  and two Geiger counters--were the responsibility of 
D r .  Hugh R. Anderson of the Je t  Propulsion Laboratory and Professor  H. Victor Neher 

of the California Institute of Technology. 

counter of a type which has  been used extensively in  the exploration of the Van Allen bel ts  

The unidirectional detector--a  smal l  C;eiger 
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of trapped radiation around the Earth--was the responsibil i ty of Mr. Louis A. Frank and 
Professor  J a m e s  A. Van Allen of the State University of Iowa. 

sampled the par t ic le  flux every  7.4 minutes,  thus making m o r e  than 10,000 measurements  
during the mission,  a d  the third one operated a t  twice this  sampling rate .  The ionization 

chamber  w a s  in continuous operation, and gave an  integrated reading about every 6.3 

Two of the Geiger counters  

m inut e s . 

The so la r  plasma experiment,  for which the exper imenters  were l l r s .  Varc i a  

Neugebauer and Dr.  Conway W. Snyder, made success ive  measurements  of the plasma 

flux at  ten different energy intervals .  
energy spectrum of the plasma, and approximately 40,000 such spec t ra  were obtained. 

I t  required 3 . 7  minutes to acquire  A complete 

During the encounter with Venus, the fields and par t ic les  experiments  collectively 

were designed to  investigate the extent and nature  of the magnetosphere of the planet on 
i t s  Sunward side.  The magnetosphere of the Earth is the region within which the geo- 
magnetic field is confined, and where magnetically trapped radiation is found. 

been investigated by various instrumented sa te l l i t es  and space probes to the extent that 
i t s  general  features  a r e  known making it possible to  predict  what V a r i n e r  might s ee  i f  

it penetrated the magnetosphere of Venus. 
magnetic field should change r a the r  drast ical ly  in direction and magnitude from i t s  

interplanetary values, and r a the r  la rge  fluctuations in the field would be expected fo r  

considerable dis tances  outside the boundary. 
trapped radiation inside,  but should s e e  only the interplanetary cosmic - ray  background 

outside. 
the boundary. 

It has 

Year the boundary of the magnetosphere,  the 

The cosmic- ray  instruments  would detect 

A l s o  the so l a r  plasma should disappear  a s  the spacecraf t  passed inward through 

The ea r th ' s  magnetosphere on the Sunward s ide usually extends about 40,000 

mi l e s  out, and it would be c lear ly  detectable by the Mariner  instruments .  
magnetic field were  s imi l a r  to that the the Earth,  at an altitude of 21,600 mi les  (the 

c loses t  approach o f l l a r i n e r  to  Venus), the magnetic field would be 100 to 200 gammas,  
the counting r a t e s  of the cosmic- ray  instruments  would be la rge  (up to about 3,000 per  

second for the unidirectional counter  near  the equator),  and no so la r  plasma would be 

seen.  

If the Venus 

In sha rp  contrast ,  however, a l l  the fields and par t ic les  instruments  continued to 
produce the i r  interplanetary readings a s  nilariner coasted by Venus. 

saw no unusual changes in the field which exceeded i t s  5-gamma l imit  of sensitivity. 
unidirectional Geiger counter continued to r eg i s t e r  2 counts pe r  seconds and the other  
radiation de tec tors  a l so  s a w  no change. 

as  the planet was passed, but showed no unusual behavior. 

The magnetometer 

The 

The so la r  plasma velocity increased very slightly 
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These resu l t s  confirm qualitatively some of the theoret ical  ideas which a r e  generally 
accepted regarding the source  of planetary magnetic fields and the nature of field-plasma 

interactions.  
r a t e  of rotation. 

and thus would be expected to have a smal l  field. 

determined by the equilibrium between the p re s su re  of the so la r  plasma pushing inward 
and the expansive p re s su re  of the magnetic field of the planet. 

p re s su re  must  be somewhat g rea t e r  than at  the Earth,  because of the c lose r  proximity 

of the Sun, and this  fact coupled with a sma l l e r  magnetic field would indicate that the 

magnetosphere of Venus might be considerably sma l l e r  than the Ear th ' s .  

The strength of a planetary field is believed to  be closely related to the 

Other experiments  have shown that Venus appears  to rotate very slowly, 
The s i ze  of a planet 's  magnetosphere is 

A t  Venus, the plasma 

The data does not show that Venus has  no magnetic field (although such might be the 
case ) ,  but only that the field didnot extendout to the Var ine r  orbit .  

be estimated by utilizing the theory of field-plasma interaction, together with what is 
known about the Ea r th ' s  magnetosphere. 

netic dipole moment of Venus, i f  i t  is approximately perpendicular to the Sun-Venus line, 

is less than five to ten percent of that of the Earth.  
magnetic s t ruc ture  a s  the Earth,  the magnitude of the sur face  field is less than five to  
ten percent of the Ear th ' s  field a t  the surface (about 30,000 gammas  near  the equator 
and 50,000 gammas  near  the poles). If Venus has  a complicated magnetic s t ruc ture ,  

then the sur face  field i n  places might considerably exceed the Ea r th ' s  without increasing 
the field along the Zlariner t ra jectory to an observable value. 

An upper l imit  can 

The Mariner  scient is ts  conclude that the mag- 

If Venus has  the kind of s imple 

The very l a rge  volume of interplanetary fields and par t ic les  data a r e  s t i l l  being 
intensively studied and compared with other  information from s imi l a r  experiments in 
satel l i tes  and on Earth.  This  p rocess  w i l l  certainly continue for  months. A very smal l  

fraction of the data have not yet been deciphered from the magnetic tape records  of the 
tracking and te lemet ry  stations.  Only prel iminary conclusions are, therefore ,  available 

a t  this t ime. Uevertheless,  some significant resu l t s  have been obtained. 

Perhaps the most  interesting new information is the demonstration that so l a r  plasma 
flowing radially o u t  from the Sun was detectable in every one of the 40,000 spec t ra  obtained 
in the four-month mission and hence, presumably,  is always present .  

sometimes called the "so lar  wind" had been suspected fo r  some t ime,  having been postulated 
to  explain the motion of cer ta in  comet ta i l s  and the occurrence  of geomagnetic s torms ,  and 

it had been measured  for short  periods by the American space probe Explorer X and by 

severa l  Russian probes.  
m o r e  extensive than p r e vi0 u s  m en s u r ern en t s . 

This  plasma flow, 

The Xlariner 2 measurements  a r e  both m o r e  detafled and vastly 

The solar wind had been explained theoretically a s  a continuous expansion of the 
so l a r  corona, the tenuous, extremely hot, outer a tmosphere of the Sun. The Mariner 
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resu l t s  show that the velocity of this  expansion ( i f  such is the mechanism) undergoes 

frequent fluctuations, which probably reflect  the inhomogeneity of the so l a r  surface.  

Approximately 20 occasions were seen when the velocity increased wi th in  a day OF two 
by amounts f rom 20 to  100 percent.  
of magnetic disturbance observed on the Earth,  and in severa l  c a s e s  sudden and sharp  

inc reases  in the density,  velocity, and tempera ture  of the plasma preceded the onset  of 
sudden magnetic s t o r m s  on Earth.  The t ime delay corresponds to  the fact that V a r i n e r  

was, a t  a l l  t imes ,  inside the Ear th ' s  orbi t ,  so that the outward moving plasma cloud 

would generally reach the spacecraf t  f i r s t .  

The fluctuations cor re la te  very well with the amount 

The velocity of the observed so la r  wind var ies  f rom 200 to  500 mi l e s  p e r  second 

approximately, and i t s  t empera ture  is in the neighborhood of a million degrees  Fahrenheit .  

Thus, it resembles  the blast  out of a rocket nozzle more  than it resembles  a wind. 
like a rocket blast  a l so  in that i t s  velocity is g rea t e r  than that of a typical wave motion in 

a plasma (called a n  Alfven wave), so that i t s  flow is, in this  sense,  "supersonic". 
the other  hand, i t s  tenuosity is almost  beyond comprehension, t he re  being normally only 
about 10 to 20 protons (hydrogen nuclei)  and e2ec.trons pe r  cubic inch. 

It is 

On 

The presence  of the so la r  wind drast ical ly  a l t e r s  the configuration of the ex ter ior  
magnetic field of the Sun. The so lar  plasma c a r r i e s  along with it l ines  of magrietic 
force  which originate in the corona. The  frequent variations in plasma velocity resu l t  

in the deformation of these  field lines, so that i t  i s  difficult t o  deduce what the general  
undisturbed configuration of the so l a r  field would be from the  point-by-point measurement  

of the magnetic field. 
f rom the Sun is typically f rom 2 t o  5 gammas  at  quiet t imes ,  and shows s o m e  tendency 

t o  have its direction approximately paral le l  t o  the plane of the Ear th ' s  orbit .  An 
appreciable component pwpendicular  t o  the orbi t  exis ts  much of the t i m e  and fluctu- 

ations of 10 t o  20 gammas  o r  even m o r e  a r e  not uncommon. Such la rge  fluctuations 
usually co r re l a t e  with changes in the plasma f l o w .  

magnetic field is approximately 30,000 gammas  at thc  equator and 50, 000 gammas  at 
the poles.)  It is hoped that fur ther  detailed analysis of the  magnetic data may revea l  
the presence  of magnetic waves in space  and clarify the mteract ions bctwecn the 

magne>tic field and the plasma. 

Mar iner  2 showed that the field t r a n s v e r s e  to  the radial  direction 

( F o r  comparisonr the Earth 's  

The omnidirectional cosmic-ray de tec tors  measured  a fairly constant flux t h r o ~ ~ h o u t  
most  o f  the flight, indicating that they were detecting galactic cosmic rays .  

the f lux  encountered by the spacpcraf t  did not change even with a 30 percent dec rease  in the 
distance between l l n r i n e r  and the Sun, is of considerable theoretical  interest  in connection 

with the understanding of the spat ia l  and tempora l  variations of the cosmic rays.  

The fact that 
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The walls of the omnidirectional detectors  w e r e  equivalent to 0.01 inch of s teel ,  
so that they responded to  protons with energies  above 10 million electron volts (mev)  

and electrons above about 0 .5  mev. 
f rom balloon-borne instruments  are of interest .  Zlcas,rrements made in  the ZIariner 

ionization chamber  alone tell nothing about the distribution of energies  of par t ic les  that do 

penetrate the wall .  
Greenland, balloon flights. 
below about 800,000, 000 electron volts of energy at  this phase of the so la r  cycle. 

fact that cosmic r ays  in space a r e  even l e s s  than that deduced from measurements  a t  the 

poles confirms this  scarc i ty  of par t ic les  at distances fa r  f rom the Earth.  
may draw the conclusion that,  a t  the t ime ZIariner was collecting data,  t he re  were very 
few, i f  any, par t ic les  except for  one burst  of par t ic les  ejected from the Sun, in the energy 

range 10 to about 800 mev fo r  protons. 
one occasion, on October 2 3  and 24, when the number of par t ic les  detected in each 
sanipling interval increased for ;I t ime by more  than a factor of five. 
the response of the three  de tec tors  indicates that the par t ic les  in the s t r eam were 
pr imari ly  protons with energies  near  25 mev. 
wal l  thickness of detectors  would have excludpd the p,ir.ticles a lmost  entirely.  

proton flux exhibited some very interest ing t ime variations,  which will be fur ther  studied. 

Results from ‘ilariner compared with those obtained 

The following may be deduced by comparing ‘Ilariner with Thule, 
Balloon measurements  showed a scarci ty  of pr imary  protons 

The 

In fact, one 

Solar cosmic r ays  were detected clear ly  on only 

A comparision of‘ 

Thus, a very modest increase  in the 

The 

This  event was a very tiny one as so lar  proton events go. The total radiation dose 
inside the ionization chamber  amounted to  only about one-fourth roentgen. 
en t i re  mission the dose was only about 3 roentg6ns predominantly from very penetrating 
par t ic les .  Since an astronaut could almost  certainly accept doses of 30 t o  50 o r  perhaps 

even 100 t imes  this  amount over  R four-month period without se r ious  effects, it appears  
that space posed no radiation hazard to any space t r ave le r s  that may have been abroad 
la st a ut um n. 

During the 

In contrast  to the omnidirectional detectors ,  the Iowa unidirectional counter saw 
not only the October 23 event, hut a t  l eas t  seven other  sma l l e r  burs t s  of  radiation during 
September ,ind October. 

the information a t  hand, but i t  may consist  of protons between 0 .  5 and 10 mev o r  e lectrons 

between 0.04 and 0. 5 mev, A S  it was not seen by the thicker-wallrd omnidirectional 
detectors.  

The nature  of the radiation has not been positively identified from 

In summary  he re  is a picture of ioniLed par t ic les  i n  interplanetary space.  I‘rorn 
a few hundred to 1,000 electron volts, par t ic les  a r e  numerous. 
s t r ike  a square  cent imeter  a second. In the range, 0 .5  to 10 rnev f o r  protons, very few 
exis t  at t imes  but a t  other  t imes  the i r  flux may he a ni1mht.r of t imes  that of cosmic rays.  

In the range of energies  10 to 800 rnev for  protons,  there  i s  ct nearly complete absence 
of par t ic les  normally. 

Something like 100,000, 000 

During a so l a r  burst ,  the number of par t ic les  in this  energy range 
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may be very la rge .  Above 800 mev, galactic cosmic rays  en ter  interplanetary space and 

these decrease  in number quite rapidly a s  the energy increases ,  the total number of such 

par t ic les  being about 3 per  cent imeter  per  second. 
a t  a l l  but which may be important,  i. e . ,  the range of proton energy f rom about 10, 000 

to 500,000 electron volts. 

An energy range not investigated 

During a 30-day period during Uovember and ear ly  December,  the unidirectional 
counter detected only two very smal l  increases  in the radiation intensity. 

that during this  period the mean velocity of the so la r  wind w a s  considerably lower than it 

had been during September and October when the counter w a s  detecting frequent burs t s  
of radiation. 

low-energy so la r  cosmic r ays  may be identical o r  related in some way. 

I t  is interest ing 

This  fact  suggests  that the sou rces  of high-velocity plasma clouds and of the 

E. COS2IIC DUST EXPERI'LIENT 

The cosmic dust experiment on 2Iar iner  2 was designed to measu re  the flux of 
interplanetary dust par t ic les  between the Earth and Venus. 

detecting dust par t ic les  with m a s s e s  a s  low a s  1.3 x 10-"gm (about one tri l l ionth of a 

pound). Over 1700 hours  of reduced data have been received. 
par t ic le  impacts  on the senso r  plate were recorded. 
by this  measurement  is approximately four  o r d e r s  of magnitude l e s s  than that observed 

near  the Earth from s imi la r  experiments  o n  satel l i tes .  
i n  deep space,  and no impacts  were recorded in the vicinity of Venus. 

The system w a s  capable of 

During this  t ime two dust 
The dust par t ic le  flux indicated 

Both of the above events occurred 

The experimentor  is W. XI. Alexander of the Goddard Space Flight Center.  
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F. RADIO TRACKING 

P r e c i s e  two-way doppler tracking of Mariner  2 durmg its 130-day flight to  Venus and 
beyond has  provided scient is ts  with basic information that will help fur ther  refine physical 

constants that are important in understanding the so l a r  sys tem and the ear th .  

data  obtained, the sc ien t i s t s  will be able to  apply themselves  to  getting, with more  certainty 

than now available, such f igures  as: 

Using the 

(1) The  m a s s  of Venus. 

( 2 )  

(3)  

The  p rec i se  location of t racking stations on the Earth.  
The  value of the Astronomical Unit. 

Sun and the Earth.  ) 
The m a s s  of the Ea r th ' s  Moon. 

(The AU i s  the mean distance between the 

(4) 

The high accuracy  and grea t  volume of Mariner  tracking data will s e r v e  a s  a st imulus 
to  workers  in ce les t ia l  mechanics to  combine radio tracking data, r a d a r  as t ronomy data and 

optical data. 
bilities in experimental  resu l t s  and dramatical ly  advance our  ability to  descr ibe  the 

mechanics of the so l a r  sys tem.  

for m o r e  advanced missions.  

The long t e r m  resu l t s  of such a combination will resolve existing incompati- 

This  c lear ly  i s  needed for  accura te  navigation ang guidance 

Before the  Mariner  mission, it was suspected that uncertainties in some  of the so l a r  
sys tem physical constants--such as the AU--would make it difficult, i f  not impossible, t o  u se  

ground based radio guidance techniques to  command a spacecraf t  to  hit a planet. 

suspected that it would be necessary  to  use  s o m e  s o r t  of "homing" device on the spacecraf t  
so that it could "sense" the planet and home in on it.  

based radio guidance techniques will remain  competitive to  on board guidance measurements  
and computation techniques until extremely p rec i se  ta rge t  e r r o r  control is desired.  
example, on December "--one week before the Mariner  encounter with Venus--the position 
of the spacecraf t  with respec t  to  Venus w a s  uncertain to  only 800 mi les - -most ly  due to  the 

positional uncertainty of Venus with respec t  t o  the Earth.  

have been analyzed, it is possible to  reconstruct  the position of the spacecraf t  with respec t  

t o  Venus t o  within 10 miles  at encounter. 

Venus was 21,648. 

I t  was 

Now it appears  that s imple r  Ear th  

For  

Now, a s  the p rec i se  tracking data 

Closest  approach of Mariner  with respect  to  

More than 22,000 two-way doppler data points w e r e  taken during the 130-day Mariner  
mission, and i t  is the  volume and precis ion of these  data points that  a r e  proving so useful in 

refining the t ra jectory.  Two-way doppler is a p rec i se  method of measuring radial  velocity of 
a spececraf t  by using the  w e l l  known doppler shift in frequency in a radio signal between two 

moving objects.  This effect is what causes  the  sound of a t r a in  whistle t o  rise in pitch as the 
train approaches and drop  in pitch as it passes .  

method of determining the shif t  in the  radio signal frequency, 
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In the Mariner  mission, the Goldstone tracking station of the Dtt'p Space Instrument- 
ation Facil i ty t ransmit ted a signal t o  Mariner .  The signal, rccervwJ at  the spacecraft ,  was 
shifted in frequency by the doppler effect, and then w a s  re t ransmit ted by the spacecraf t  to  

Goldstone. 
craf t  in relation to  the station. 
tenth of one inch p e r  second were  measured by this  two-way doppler tracking. 

data, it w a s  possible to  calculate exactly how the Mariner  t ra jec tory  was perturbed by the 
gravi ty  of Venus a s  Mariner  f l e w  by Venus. 

The  signal received a t  Goldstone was fur ther  shifted by the velocity of the space-  

Velocity changes so  prec ise  as to  be on the o rde r  of one 
Using these  

The s i z e  of this  perturbation and the accuracy of i t s  determination, then, is extremely 

useful in determining the m a s s  of Venus. 

bation of the orbi ts  of other celest ia l  bodies caused by Venus and collected over  severa l  

decades, have calculated the mass  of Venus to  be 0.8148 of the m a s s  of the Earth.  The 

probable e r r o r  is 0 . 0 5  percent.  The Mariner  data--collected over  two weeks, one week 

before and one week af te r  encounter--has a potential to  de te rmine  the Venus mass  with a 

probable error of 0. 005 percent.  

Classical  as t ronomers ,  using data on the per tur -  

Another significant resu l t  obtamed was the absolute location of the Goldstone station. 
Before the Mariner  mission, the exact location of the Goldstone station had been known to  

within 100 yards .  After Mar iner ' s  data have been analyzed it will be known to  within 20 yards .  

The way the station location is determined from the doppler data may be understood by 
supposing the spacecraf t  t o  be fixed in space with respec t  t o  the center  of the Earth. The 
only doppler tone observed would be caused by the s ta t ion 's  rotational velocity component 

along the direction to  the spacecraf t .  
then, on the latitude, longitude and radius  f rom the center  of the  Earth.  Since many 
measurements  were  obtained during many passes  a t  the  DSIF stations,  it will be possible to  

deduce the proper  combination of station location e r r o r s  to  match the data .  

The observed doppler tone at  the station depends, 

The  m a s s  of the  Moon may be  determined by s imi l a r  reasoning f rom the data. 
In this  Case, the variation in doppler tone is due t o  the movement of the Earth around 
the Earth-Moon sys tem's  center  of mass ,  o r  barycenter.  The  Ear th  makes one revo-  

lution around this  barycenter  every 28 days at a speed of 27 mi les  an hour. 

Of the three i tems  that influence this  motion--the Ear th ' s  mass ,  the Moon's m a s s  and 
The  Moon's m a s s  is now 

The  scient is ts  hope that by analyzing the  data it may b e  
the Earth-Moon distance, the Moon's mass is the  leas t  well known. 

known to a cer ta inty of 0.1 percent. 
possible to  reduce this  present  uncertainty to a sma l l e r  figure. 

The  Astronomical Unit--the mean dis tance between the  Ear th  and the Sun--is used as 
the yardstick of 'the so l a r  system. Data  f rom c lass ica l  as t ronomical  observations have 
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der ived a value of the AU which is 50, 000 miles  different f rom the value derived by Venus 

r a d a r  bounces in 1961. 
miles.  

The  radar-establ ished AU i s  92, 956, 200 miles,  plus or minus 310 

The  optical AU is 50, 000 miles  smaller. 

A s imi l a r  Venus r a d a r  bounce, conducted by the Venus station at Goldstone during the 

Mariner  mission, produced the  s a m e  resul t  as the 1961 bounce a l so  conducted at  Goldstone. 

The  Mar iner  t racking data now provides an  additional radio determination which w i l l  help 
reso lve  the  conflict between the  r a d a r  established AU and the  AU calculated by optical 

measurements .  

The  r e su l t s  were  reported by Thomas W. Hamilton, chief of the sys tems analysis 
section of the  California Insti tute of Technology Je t  Propulsion Laboratory,  and Donald W. 

Trask ,  superv isor  of the orbi t  determination group of the s a m e  section at  JPL .  

G. DEEP SPACE TELECOMMUNICATIONS 

Two major  telecommunication activit ies were  in p rocess  during the Venus encounter 

of 1962. The  f i r s t ,  and by f a r  the  largest ,  activity involved the  two-way communications 

and tracking of the  Mariner  spacecraf t  f rom the DSIF stations on the Earth.  
includes s ta t ions at  Goldstone, California;  Woomcra, Aus t ra l ia ,  and Johannesburg, South 

Africa. 
the planet Venus during the s a m e  month that the Mariner  spacecraf t  was traveling toward 

the planet. 

The  DSIF 

The  second activity involved an Fhrth based r ada r  which reflected signals off of 

Communications between the  Mar iner  spacecraf t  and the DSlF on the Earth have 

resolved seve ra l  questions of considerable importance for  future  deep space exploration. 
is now known that re l iable  deep space  communication to  and f rom spacecraf t  is possible  
within the so l a r  system, cer ta inly to  dis tances  of 5 3  million miles,  without significant d i s -  

turbing effects f rom space i tself .  

in deep space,  par t icular ly  of the rad ia l  velocity of the spacecraf t  f rom the  Earth,  and 

have demonstrated that on the o r d e r  of one-tenth of an  inch pe r  second in radial  velocity can 
be  measured t o  dis tances  of at leas t  53 million miles.  
spacecraf t  away f rom the  Earth.  

It 

We now know that extremely p rec i se  tracking is pract ical  

Radial velocity is the velocity of the 

By the  technique of using directional antennas on fully stabil ized spacecraf t  and 

extremely sensi t ive equipment on the  Earth,  it has  been proved possible t o  acqui re  grea t  

quantities of data during the long deep space flights. 
lation of some  65 million bits of information with an  accuracy  of at least  one percent  and yet 

with the use  of only 3 w a t t s  of radio frequency power. A new technique for  p rec i se  synchso- 

nization of te lemet ry  and communication channels using pseudorandom codes successfully 

demonstrated that p rec i se  synchronization is possible using only very  low powers. 

The  Mar iner  2 flight resul ted in accumu- 
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The Mar iner  flight a l so  demonstrated the utility of the basic design of the DSIF as  a 

world wide network of coopcrating stations which can keep continuous, 24-hour a day, contact 

with the spacecraf t ,  t ransmi t  the data to  California, and have it available to  experimenters  

in a relatively shor t  t ime. Some 85 percent of the data t ransmit ted f rom thr, spacecraf t  w a s  

available to  the experimenters  within one hour  of reception at the  Earth and some  98 percent 

of the data w a s  accurately recorded for  future  use. 

J. N. J ames ,  Mariner  Project  hlanager,  and D. W. I , ewis ,  Thermal  Engineer, a rc  shown 
placing the American Flag under the thermal  s h i e l d  of the I 'n i ted  Gtates V e n u s  ipacecraft 
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APPENDIX A 

TRANSCRIPT O F  THE NEWS CONFERENCE 
O N  

THE MARINER 2 SPACECRAFT FLY-BY 

O F  THE PLANET VENUS 
1 4  DECEMBER 1962 

P A  RTI C I P A  N TS : 

MR. JAMES E. WEBB, Adminis t ra tor ,  NASA. 
DR. HUGH L,. DRYDEN, Deputy Administrator,  NASA. 
DR. ROBERT C. SEAMANS, JR., Associate Adminis t ra tor ,  NASA. 

DR. HOMER E. NEWELL, Director,  Office of Space Sciences,  NASA. 
DR. WILLIAV €4. PICKERING, Director ,  J e t  Propulsion Laboratory.  

MR.  EDGAR CORTRIGHT, Deputy Director,  Office of Space Sciences. 
MR. FRED KOCHENDORFER, Mar iner  Project  Manager, NASA. 
MR.  ORAN NICKS, Chief of Lunar and Planetary P rograms ,  NASA. 
MR.  JACK N. JAMES, Je t  Propulsion Laboratory.  

SENATOR ROBERT S. KERR, Chairman, Committee on Aeronautical and Space Sciences,  

United States  Senate. 
SENATOR MARGARET CHASE SMITH, Ranking Minority Member of the Committee on 

Aeronautical and Space Sciences,  United States Senate. 

CONGRESSMAN JOSEPH E. KARTH, Chairman, Subcommittee on Space Sciences,  
Committe on Science and Astronautics,  House of Representatives.  

MR. RICHARD T. MITTAUER, Public Information Officer, NASA. 

SEAMANS: This  news conference w i l l  now convene. 

One hundred and nine days ago Mar iner  left Cape Canaveral. Now Mar iner  2 is 36 

mill ion mi les  from Earth,  t ravel ing at a speed of 15,000 mi l e s  pe r  hour towards Venus. 

We are cur ren t ly  scanning and gathering data f rom the planet. You w i l l  hear  signals 

which a r e  received from Mar iner  2, both a t  2:30 and at 3 : O O  o'clock here  this  afternoon. 

As 3:Ol the Mar iner  2 will be a t  i t s  c loses t s  point t o  the planet. 

What we have he re  is a national effort which involved the NASA, JPL, the A i r  Force,  

and a number of contractors .  
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We have here  on the s tage people who a r e  particularly responsible fo r  this  important 
mission. They a r e ,  going from your left to  your right, Dr .  Homer Newell, who is the 
Director  of the Office of Space Science, responsible for the mission here  a t  €leadquarters ;  

Congressman Joseph Karth, represent ing Congressman George Ililler, who is 

Chairman of the €louse Committcv u t i  Scietice and Astronautics,  and who himself is Chair-  

man of the Subcommittee responsible for this  program ; 

Dr.  Hugh Dryden, who is the Deputy Administrator of the YASA; 

St>nator Ker r ,  Chairman of the Senate Committee on Aeronautical and Space Sciences; 

Zlr. Webb, Adminis t ra tor  of YASA;  

Senator Smith, a leading member  of the Senate Committee 011 4r ro r i~u t i ca l  ,ind S p ~ c e  

Sciences, and about to  become the leader  of the minority party; 

Dr. Pickering, Director  of JPL,; and Zlr. Cortright,  Deputy Director  of the Office 

of Space Science. 

The f i r s t  speaker  h e r e  this  afternoon will be Zlr. Webb. 

WEL%R: Thank you, D r .  Seamans. 

I would l ike to s t a r t  by saying that w e  a r e  here  this afternoon to  sha re  a significant 
hour, one in which m o r e  may be added to  m a n ' s  knowledge of the planet Venus than has been 
gained in a l l  the thousands of y e a r s  of recorded history.  
of the physical charac te r i s t ics  of Venus with those of the Earth,  we may open new a r e a s  
of understanding of ou r  mother  Earth.  It is an  hour, I suspect,  which a l l  of u s  w i l l  one 
day find ourselves  shar ing  with o u r  grandchildren, recall ing how we today participated in 
an his tor ic  scientific event, even though we a r e  36 million mi les  away. 

By comparing ou r  measurements  

During this  hour you wi l l  hear  from some of those to whom we owe this  outstanding 
"first" in space for o u r  country and for the F ree  World. 
from Zlariner 2 i tself ,  a s  i t  makes  i t s  c losest  apprvach to Venus on i t s  way to an orbit  

arouiid the Sun, and a s  i t  beams back the prec ise  measurements  to Earth,  a c r o s s  the vast 
reaches of interplanetary space.  

I f  a l l  goes well, you will a l so  hea r  

In the short  t ime w e  have, it is not possible for me to  adequately descr ibe  the t r e -  

mendous contributions to Zlariner 2 of men like I3r. Hugh Dryden, D r .  Robert Seamans, 
Dr .  William Pickering, and D r .  Homer Newell, who a r e  here ,  and to whom you may addres s  
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your questions later. 
contributed. 

\?any o t h e r s  in government, in universit ies and industry have a l so  

The bril l iance of the scientific,  technical and administrative effort which has  gone 

into this program is already evident in  the knowledge which has  been obtained f rom the 
‘Ilariner flight, and which will m o r e  than justify th i s  flight, no mat te r  what we obtain as it 

pas ses  Venus in  the way of measurements .  

Now it is necessary  that I dwell on the contribution of the members  of the Senate and 
House space commit tees  who a r e  here ,  Senator Robert S. K e r r ,  Senator Xlnrgaret Chase 

Smith, Congressman Joseph E. Karth, o r  the i r  associates  in the Congress.  

success  o f t h i s  effort is a testimonial  to the strong bi-partison support which has  been 
provided for  o u r  program. 

%gain, the 

This event is one par t  of a broad, bnlanctd program fo r  scientific investigations in 

space.  
of o u r  s c i e n t i f i ( -  efforts to date, i t  is but  one of a number of important investigations 
designed by o u r  nation’s ablest  sc ien t i s t s  to add to ou r  knowledge of the universe. 
knowledge gained from these basic r e s e a r c h  e f for t s  will not only contribute to o u r  immediate 

objeCtiVf?S in space,  not only b e a r  directly on o u r  l ives he re  on I-hrth, and ou r  mil i tary 
security,  but is vital if w e  a r e  to continue on toward m o r e  advaticed goals. 

Although Llariner 2 is the most  significant, and perhaps the most  spectacular,  

The 

I t  is a l so  important,  I believe, to view this event a s  :in e u m p l e  of the growing in t e r -  

Creative engineers  have used what science dependence of the scientist  and of the engineer.  
has  alre,idy l r a rned  to design instruments  which can move e v e r  far ther  into the hostile 

environment of space so that the sc ien t i s t s  in tu rn  can l ea rn  even more.  

And, as the scientist  and the engineer depend increasingly on each o ther ,  so w i l l  al l  

of us depend increasingly on them. 
and how we use i t .  Scientific knowledge, technological s k i l l ,  and the i r  applications by the 

entrepreneuri:il mind, o u r  industrial  l eade r s ,  henccforth w i l l  determine the pace of economic 
growth. 

Our future is inextricably entwined with what they l ea rn  

And, finally, ‘Ilariner 2 and th is  very meeting he re  today a r e  an example of one of 

What is learned about the essential  cha rac t e r i s t i c s  of the United States space program. 

Venus today, o r  i f  w e  l ea rn  nothing, is being shared with a l l  men and a l l  ! L I * ~ ( J ! I ~ ,  t o  A ! ~ s t ~ ~ c ’  

maximum progres s  in science not only in the I-nited States, but throughout the world. 

This is the  premise  o n  which such a complex, far-sighted, and spectacular national 
effort a s  o u r  Vnited States space program was established by legislation, openly debated 
and hammered out through o u r  normal  governmental p rocesses ,  h) n Congress  which wisely 
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foresaw that the peaceful exploration of space for  the benefit of a l l  mankind would bring the 
grea tes t  benefit to  ou r  own nation as  well. 

passed this  legislation put it - -  and I am quoting him: 

A s  one member  of  the Senate committe,  which 

"1 am convinced that the nation which leads in explorlng and using space for  peaceful 

purposes can best  build, improve, and inherit  the Earth.  ' I  

The author of that statement,  now Chairman of the Senate Committee on Aeronautical 
and Space Sciences,  is with u s  today to expres s  the continuing interest  and support in the 

space science par t  of our  effort as  well a s  in the manned space flight part .  
wants to s e e  what the nation gets  for  i t s  do l la rs ,  and I suspect is here  today also partly 
for  that purpose. 

He is a man who 

But before I introduce him, I would like to  say  f i r s t  that President  Kennedy would like 
very much to  have been here  today. 

side the city which made it impossible.  

program. 

He had n previous commitment,  a s  you a l l  know, out- 

H e  has  expressed the keenest interest  i n  this  

And I have a very shor t  message  from Vice President  Lyndon Johnson, who i s ,  a s  you 

know, the Chairman of the Space Council, and was very instrumental  i n  the passage of thls  
legislation, has  been continuingly a s t rong and 

United States.  

igorous ndvocatc of space p o w p r  f o r -  thc 

This  IS h i s  message:  

"By i t s  his tor ical  flight, l l a r i n e r  2 has  fur ther  extended the front iers  o f  s p ~ c e .  This  

great  feat is another plus for  Amer ica ' s  prest ige,  and, even more ,  i t  IS added Pvidence of 
the scientific breadth and vigor of ou r  national space program. Congratulations to all  those 

who have contributed to this  ma jo r  success .  Lyndon Johnson, Vice President  of the Linited 
States.  " 

Now I should l i k e  to introduce Senator Robert S. Ker r ,  the senior  Senator from Okla- 
homa, and the Chairman of the Senate Committee on  Aeronautical and Space Sc~iences.  

Senator Robert Ker r .  

SENATOR KERR: Thank you very much, ,Jim Webb .  This  is n great  day for  you, for 

D r .  Dryden, D r .  Seamans, for  your en t i re  Xational Aeronautics and Space 4dministration 
throughout the country who have made this  t remendous nccompllshnlent possible. 

It is a l so  a grea t  day for the United States and for f ree  men everywhere.  
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The event which w e  note he re  is a very important achievement of American science and 
The skil l  which made it possible demon- technology, but it has  significance f a r  beyond that.  

s t r a t e s  the power of the space team which had been and is being built in the United States.  

It demonst ra tes  the wisdom of President  Kennedy and the Congress  in emphasizing the 
importance of a s t rong and vigorous space.program. 
intend to Continue to improve it in every phase of space r e sea rch  and exploration. 

We have such an  effort now, and w e  

A s  one who participated in the creat ion of the National Aeronautics and Space Admini- 
s t ra t ion in 1958, I can not help contrasting this  moment with our  situation five years ago in 
December of 1957. 

US were the orbit ing of Russian Sputniks I and 11, and the failure of the f i r s t  three-s tage 
Vanguard to piace a U.S. sa te l l i te  in orbi t .  This recollection must ,  for a l l  uf u s ,  add to  
the pleasure of being here  today. 

At that t ime the space successes  which interested and most  concerned 

A s  Chairman of the Senate Space Committee I am gratified by this  new demonstration 
of the success  of American effor ts  to do important scientific r e sea rch  in space f o r  the 
benefit of the cit izens of ou r  country and of every other  human on the face of the Earth.  
I know that every American sha res  this  pride.  

We have come a long way in the las t  five y e a r s ,  and when I say " a  long way" I speak 
not only of the hundreds of mill ions of mi l e s  these satel l i tes  have t raveled,  but of sub- 

stantial  p rogress  in a l l  forms  of space exploration which w i l l  have a significant effect upon 
u s  all .  

P r o g r e s s  in space is neither cheap nor easy. Few important things in this  world a r e .  
Rut progress  in space is a n  absolute necessity i f  we a r e  to remain the s t rongest  nation in 

the world and a f r ee  nation capable of leading the F ree  World and capable of exercis ing that 
leadership for  the good of a l l  mankind. 

That effort in the Congress  had been made possible by the s t rongest  bi-partisan 

effort. On o u r  Senate Space Committee,  one of the ablest  members  is the gracious lady 
from Maine, Senator Margaret  Chase Smith. When the new Congress  opens, she w i l l  be 

the ranking Republican member  on ou r  committee.  And I know that this  program is near  
and dea r  t o  he r  hear t ,  and I congratulate her  on the t remendous contribution that she and 
her  colleagues in the committee have made to it. 

M r .  Adminis t ra tor ,  it is a great  pleasure to m e  to  present  the distinguished lady from 
Maine, Senator Margaret  Chase Smith. 

A - 5  



Appendix 4 EPD-129 

SEXATOR SiIITi i :  Thank you very much, l lr .  Chairman,  my Chairman of the Senate 
Spa c e C om m it t e e I 

I arn pleased to  have the opportunity to i )e  on hand a s  th i s  g rea t  s tep forward in the 
advnncemtAnt of scientific knowledge is taking place. 

Scientific achievemc>nts i n  space ,ire l e s s  dramat ic  than o u r  efforts in manned space 
flight. 
stration of the fact, hut thcy .we no less importt int .  

13ut the events  Liking p1,ic.e today, in the vivinity of l'r>nus, a r e  a signific m t  demon- 

What is being lei , i rnc d w i l l  not only :idd siibst,iriti,illy to our undcrst,inding of the universe,  
but the ( ontribiition of hlarincr 2 ,  to our knowledge of the 

y e ~ r  5 ,ihe,id to  ensiirt' the >ti( .ind the s, i tety o f  the <iqtronauts who journey outward to 

explor t*  the> moon and tht, plnricJtC beyond. 

Ice environment wlll help in the 

n t s  w h i c h  h a v e  occiirrcd in the p ' : t  21 hours demonstrate  how important it is 

th,it W P  in,iint,2in i broad-based progr'*m of spi< (3 rcsp,irl h .  In t<-liloring o u r  space prog1~3rn 

,3t,le rt 'soiirces, we m u s t  not sue( iinib to the teniptntion to concentrat<> on 'iny 
single go,il 'it the tvpensc  o f  import,int ct i$>nt i t i (  

21 'i r in(> r . 
tnd ,ipplicntions p rograms  s1ic.h 

It IC; .I p r i ~ i l e g c ,  7 1 ~  Administr,itor, t o  lw h(3re today, .md I want to  c-ongr,itulnte d l  

those who have  contributed to  the SIICC'P 'SS ot the l I , r r iner  program ,inti made  possible  thls 
first important " f i r s t  ' i n  ~p,tc.e tor tht. I'nited Stntrc. 

WE14H: T h i n k  you,  Senator. It i s  wonderfiil to h:tvP yo11 hr.rt. w1hc.n we :ire m o i  ing 

toward Venus. W e  L i r v  going to gct  pretty (-lose to it. 
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Let ' s  say,  a lso,  while w e  are waiting to  hear  f rom Mariner ,  D r .  Seamans w i l l  continue 

with out l i t t le  program. 

SEAMAKS: We have had wonderful support f rom the Senate and also from the House 

of Representatives.  

hear  f rom him. 

Congressman Karth would l ike to say a few words. We a r e  glad to 

CONGRESSMAN KARTH: D r .  Seamans, I mere ly  want to extend the congratulations 

of Chairman Miller,  of California,  who i s  Chairman of the House Science and Astronautics 

Committee,  and, for  that ma t t e r ,  the en t i re  Committee in the House of Representatives to  

not only you but Adminis t ra tor  Webb and such r ea l  outstanding scientific minds who have 
real ly  made this  thing a success  - -  D r .  Pickering, Dr .  Homer Newell, D r .  Dryden, and 
Mr. Cortright.  

And may I a l so  extend congratulations to  American industry and the technicians who 

have played a ma jo r  par t  in this  very outstanding achievement,  a r ea l  American "first".  

And las t ,  but obviously not leas t ,  let  m e  congratulate the American taxpayer for  under- 

standing the reasons  why it is important for  ou r  government to  go forward with a program 

such as this.  

Thank you. 

SEAXIASS: Now we will move on to that par t  of the program where we will find out 

m o r e  about the s ta tus  of the LTariner. D r .  Homer Newell will be the f i rs t  officer to lead off 
on some of the specific aspec ts  of the Mar iner  2 p rogram.  

D r .  Yewell. 

YEWELL: Thank you. 

Senator Ker r ,  Senator Smith, Congressman Karth,  and my colleagues,  ladies and 

gentlemen: XIariner program plans were f i r s t  formulated ear ly  in  1960, including ear ly  

u s e  of Centaur.  
and operational fly-by miss ions  to Venus and Mars  in 1964. 

The spacecraf t  development e f fo r t  was aimed at t e s t  flights in 1962 and 1963, 

In mid-1961 the program was reoriented to include operational fly-by missions to  

Venus in 1962, using the Atlas Agena to launch a 450-pound spacecraf t ,  considerably l ighter 
than the Centaur version. 
flight of Xlariner 2 .  

This  was the beginning of the program that led to the launch and 
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The revised program involved a tight schedule of 10 months from s t a r t  tolaunch, and 

was possible only because Ranger and the heavier I l a r ine r  developments and hardware were 

already available. 

Mission objectives were chosen to  be compatible with the available technology. 

objective w a s  to launch two space vehicles in July and August of 1962,  with the intention of: 

The 

Placing a scientific instrument  package in  the vicinity of the planet; 
Transmitt ing data f rom the instruments  back to Earth;  and 

Gathering scientific information during the t r i p  to the planet. 

After feasibility studies showed these objectives Sould be met  and that the instrument 

package could weigh aboiit 40 pounds, the instruments  themselves were c~hoscn. 

Although Venus comes  c lose r  to Earth than any other  planet and is the brightest  object 

i n  the sky except for  the Sun and IIoon, it has  been R "mystery" planet eve r  since t h e  i n v ~ r i -  

tion of the telescope. 

recently,  because of the heavy cloud coi'er, it was thought that Venus was a planet i n  a n  

ear ly  stage of evolution - -  perhaps s imi l a r  to the Earth some 200 to 300 million 
with thick green fores t s  and a moist ,  warm atmosphere.  

A dense cloud cover  precludes any observation of its surface.  (inti1 

Gradually, this  view has changed as additional instruments  have been brought to hear  - -  
radiometers  to measure  temperature ,  spec t rometers  to study the chemistry of the ntmospherc,  

photometers to investigate the nature of the par t ic les  in  the clouds and, most  recently,  radar  

to determine sur face  roughness and the rotation r a t e  ns well a s  the distance to Vcnus. 

At present ,  i t  appears  that there  a r e  a t  least  two layers of clouds, an upper layer  which 
is somewhat broken, and a more  solid layer  close to  the surface.  

The sur face  tempera ture  is ;I surprisingly high 600"F, very likely because of 3 st rong 
"greenhouse effect" associated with the la rge  amount of carbon dioxide known to be i n  the 
atmosphere.  

much has been learned,  many questions about these and even controversial  i t ems  a r e  yet to 

be resolved. 

The rotation ra te  appears  to be considerably slower than that of Earth.  Although 

Generally speaking, ground-based observations have two drawbacks: F i r s t ,  the a tmos-  
phere of the Earth makes  cer ta in  observations difficult and o thers  impossible; and, second, 

because of the planet ' s  remoteness ,  Venus appears  to many instruments  a s  j u s t  a single 

spot, so that the distribution of  the measured  quantities over  the surface can not be 
determined. 

A - 8  
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Llariner experiments  w e r e  chosen with these cur ren t  mys te r i e s  in mind, and a r e  

designed to gain information in a r e a s  which can not be investigated from the Earth.  

payload a l so  c a r r i e s  instruments  for  obtaining interplanetary data during the 109-day t r i p  
f rom Ear th  to  Venus. 

The 

The interplanetary instruments  have now been in operation for  99 days.  These instru-  

ments  were turned on during the third day of flight, and w e r e  off for  an eight-day period 

while the effect of a short  c i rcui t  in one of the so l a r  panels was being examined. 
t ime that the instruments  have been in operation, approximately 5 million scientific data 

points have been obtained. The instruments  which have been in operation a r e :  A three-  

ax is  magnetometer ,  an energetic par t ic les  package, a so l a r  plasma probe, and a cosmic 
dust detector.  These experiments  and the exper imenters  associated with them a r e  indi- 
cated on the char t .  

During the 

A report  on these instruments  was presented in a p r e s s  conference held here  i n  

Washington on October 10, 1962. Without going into detail ,  the significant resu l t s  include 
the following: 

The pl:xsma probe revealed a steady " so la r  wind" of about 250 to 450 mi les  per  second. 

The inagnetometer Showrd that space contains fields of at least  a few gamma and that 
thc>re a r e  fluctuations by f'nctors of a s  milch as five to ten. 

hc.tween t i v v  a i d  ten gamma ,ind incline toward the plane of the ecliptic. 
Typical t ransverse  fields l ie  

) 'o r  t h e  in te res t  of the atidience, a gamma is a special  unit about one one-hundred thou- 

s.indth of thcs intensity of the Ear th ' s  field a t  the equator.  

The energet ic  par t ic les  instruments  indicated an intensity s imi la r  to that shown on 

previous missions.  

The cosmic. dust  detector  indicated that the meteori t ic  par t ic les  i n  space a r e  l e s s  
numerous than near  Earth by a factor of 10, 000.. 

These data will not be completely evaluated for  some t ime.  
r n  t he  scientific l i t e ra ture  a s  the information becomes available. 

Reports will be issued 

Turning now to the measurements  that  a r e  being made today, relative to Venus, the 
r.ift will be approaching from the dark s ide along a direction pointing slightly to the c;p i 

right 0 1  ,ind below the Sun. 

' I ~ P  vicinity of the planet. 
The rad iometers  were activated as the spacecraft  came into 
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Perhaps  the most  interest ing and puzzling of the cur ren t  scientific questions about 
V c n u s  1s the high apparent sur face  tempera ture .  
p i n t  of lead, i t  is c l ea r  that that 1s important to futitre a t tempts  a t  a landing on the planet, 

a s  w e l l  as being of scientific interest .  The microw;ive radiometer  may answer  the questlor1 
a s  to whether this  indicated tempera ture  comes  from the sur face  o r ,  a s  has  been suggested,  

from a very s t rong ionosphere. As indicated in the char t ,  the 19 mm channel chould "see"  
the surt'ace. In its scan  a c r o s s  the planet, and a s  i t  approaches the. edge, the rndiometer  

wi l l  look through an  increasingly thicker  a tmosphere.  Thus, i f  a s  i t  approaches the edge, 

the tempera ture  dec reases ,  '1 l imb darkening w i l l  be observed ,  showing that the tcxmpera- 

t u re s  being measured  defmitely come from the surface.  If ,  on the other  hand, the tem- 
ptLrLxtur-t-- rni ' reases a s  the scan  j u q t  sweeps off the planet, this will show that the s o ~ i r c e  of 

t h e  tenii)ercttiirc is high i n  the :rtniosphcrr, ,ind p o s ~ i b l y  o! iono.~pheric .  origi:~. 

Sinre 600" F is approximately the melting 
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measured  a s  l l a r i n e r  approaches and is affected bv the gravitational fir,ld of Venus. 

will speed up during approach, and will slow down <is i t  leaves the planet. 

of i t s  path will a l so  be affected. 
of the astronomical unit -- that is, the distance from the Earth to the Sun, the m a s s  of the 

Earth,  and the m a s s  of Venus. 

11:iriner 
The curvature  

These m e a s u r e r n ~ n t s  should a s s i s t  in impro\ring estiniates 

A s  we have been talking, the spacecraft  has  been approaching Vt.nus. By 1:55 th i s  

afternoon, Zlariner had moved into position for the f i r s t  radiometer  view; the distance from 
Venus at the t ime was 25, 300 miles .  A t  2:17 p .m. ,  the spacecraft  was opposlte the tet-mi- 

nator,  that is, the dividing line between the sunlit and the dark s ides  of the planet. 
a t  a distance of 21,700 mi l e s ,  the radiometer  "look a rea"  w i l l  move off the disk and this 

F+y 2:37, 

experiment will be completed. At  3:01, 'vlariner w i l l  reach i t s  c losest  approarh - -  21, 100 

m i l e s  from the surface.  
Venus, and 88, 400 mph rt3latir.e to the Sun. 

At th i s  t ime ,  l l a r i n e r  will be traveling 15, 000 mph relative to 
Ilistant-.e from Earth will be 36, 000, 000 miles .  

We have approached the t i m ~  
Dr. Pickering for this. 

ST.'.4M.2NS: A s  you ,111 know, 

the. S A S A  program. It is operated 

o ii r o r gani L a t ion. 

for rec riving tht. signal from V a r i n e r ,  so I will turn to 

the Je t  Propulsion I.nbor3tory is intimntc.1.v t i t d  i n  with 

by the California Institute of Tt rhnolog\, o n  ( ontra(, t  to 

Dr. Pickering, the Direc to r  of the I,aticJrntor-y, 15 hc.re with us tod,r?. I don ' t  believe 

he has  been quite holding h is  breath for the last  109 dAys, but he is corning p r v t t v  (*Lose to  i t .  

I <mi .cure i t  is a g rea t  relief to him that the d,ita 17 n o w  corning i n  from the planet. 

Bi l l?  

PICKERING:  Thank you. Perhaps,  to hcgin with, w e  might a s k  Pasadena i f  they would 
turn on the signal which they a r e  now recc'iving from Zlariner,  36,  000, 000 mi l e s  from the 
Earth,  a few thousand mi l e s  from Venus. 

Pasadena, w i l l  you  tu rn  on the signal, please 

(The signal f rom the spacecraft  l l a r i n e r  2 was heard via J P L ,  Pasadena, California.) 

The shifting of the tone from t ime  to t ime is when w e  switch from one instrument to 

another.  

the readings of the instruments  a r e  presented. 

This  signal 1s placed into appropri , i te  cquipment a t  the I abora to ry ,  and eventually 

Zlariner has  been sending a steady .;ignal like this s ince w e  left on August 27. Thank 

you very much. 
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I might point out that the signal is being received loud and c l e a r  f rom l l a r i n e r  to 
Goldstone to  Pasadena to  Washington. 

QUESTION: D r .  Pickering, how many tones a r e  in there ,  do you know') 

PICKERING: N o .  Quite a lot of them. 

Let m e  comment again on the signal. This  is the signal a s  it is received. The 

switching from one tone to  another represents  the switching from one measurement  to 
another.  

tone. 

The measurement  is indicated then by the switching and by the frequency of the 

I would l ike to  outline for  you the events which occurred  i n  the Var ine r  mission. 

On August 27th we launched. The launching, incidentally, w a s  res t r ic ted to about a 

l -1 /2-hour  window, during which the Earth would be In the right position for  the launching 

f rom Cape Canaveral .  We launched near  the middle of the window, actually about 70  minutes 
from the beginning of the window. 

After the Atlas had burned, then the Agena was turned on for  the first burn,  and the 

Agena p l u s  spacecraf t  brought up to satel l i te  speed. 
minutes  in a parking orbi t ,  and then the Agena w a s  turned on again to acce lera te  to  the 

necessary  speed to  leave the ear th:  11 .4  ki lometers  per  second. 
South Atlantic in about latitude 15 South. 

We stayed at  satell i te speed for  16 

This  occurred over  the 

Two and a half minutes l a t e r ,  separation between the Agena and 'I lariner occurred.  

The Agena rocket was turned around and a smal l  impulse given to it so that it would get  
away from the vicinity of the spacecraf t .  

About eighteen minutes  a f te r  injection the so la r  panels were opened. Thirty-four 
minutes a f te r  injection the Sun was acquired.  
so that w e  are now pointing at  the Sun and e lec t r ica l  energy is being generated by the solar 

panels to operate  the equipment. 
During this  t ime var ious engineering and scientific measurements  were made. 

This  was the f i r s t  action of the spacecraf t ,  

The spacecraf t  is in a slow rol l ,  about once i n  20 minutes.  

The spacecraf t  science was turned on, on August 29th, two days a f te r  launch. This  
slow roll  a t  th i s  t ime  was a v e r y  convenient way of calibrating the magnetometer aboard t h t  

spac ec raf t  . 

For  about the first week the vehicle was t racked,  and it w a s  determined that the 
vehicle had missed  the planet Venus by about 223,000 mi l e s ,  about roughly the distance 

from the Ear th  to the Moon. This  was well within the expected accuracy.  W e  then 
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proceeded to calculate an appropriate midcourse correct ion to br ing the m i s s  down to the 

expected magnitude. 

On September 3rd the spacecraft  acquired the Earth,  that is to say, it stopped rolling 

and pointed i t s  high-gain antenna a t  the Earth.  
Earth and locked onto the Sun. 

F rom then on it was kept locked onto the 

September 4th was the midcourse correction. In o r d e r  to do th i s  we had to a sk  the 

spacecraft  to roll  through about 9 degrees ,  to turn over  through about 140 degrees ,  to turn 

on i t s  rocket engine, and give itself a speed of about 90 feet a second. Then to turn of f  the 

engine, to t u rn  back and find the  Sun, and roll  around and find the Earth.  

worked very well. F o r  a period of about four hours ,  then, the maneuver was being c a r r i e d  

out. 

This  whole p rocess  

This maneuver,  then, was to select  R target  point much c lose r  to Venus. On this 

char t  I c d n  indicate the targpt problem. 

We wanted to a r r a n g e  it 50 that w e  would go by Venus when we could observe the 
encounter from out tracking station a t  Goldstone, C,llifornia. 

enough to thc planet so that the planet subtended an angle of a t  leas t  10 degrees .  
the outer distance a t  about 40,000 mi l e s  from the planet. 

W e  a l s o  wanted it to be close 
That put 

We w'inted it t o  be not s o  close to th r  planet that it subtended an angle of m o r e  than 

45  degrees .  
it 50 that it would go by nea r  the equator of the planet. 

That put a n  inner  l imit  of about 9,000 mi l e s  from the surface.  W e  a l so  wanted 

Our aiming point is indicated on this char t .  Our first est imate  r a the r  was that we had 
come about 9, 000 m i l e s  from the surface n e a r  the inner edge of o u r  bulls eye. 

t u rns  out that we w e r e  out, a s  indicated the re ,  about 20, 000 m i l e s  from the planet. The 

final es t imate  of th i s  point was made by tracking the spacecraft  for some weeks a f te r  the 

m idco u r  se co r r ec. t ion. 

Actually it 

Parenthetically, I might note that the t ra jec tory ,  as we observe it today, now that it 
is getting n e a r  the planet, s e e m s  to be very close to this predicted 21 ,  000-mile m i s s .  

On September 8th we noticed a cur ious event on the spacecraft .  It received some s o r t  

of a disturbance which momentarily knocked it out o f  i t s  attitude control. 

a minute o r  so,  and then came  back tracking the Earth and the  Sun. 
this was actually an encounter with a micrometeori te  o r  whether it was a n  e lec t r ica l  d i s -  

turbance. In e i ther  c a s e ,  it was a relatively minor  disturbance. 

This lasted only 

W e  don't know whether 
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During th i s  whole period, then, the spacecraf t  is being kept pointed specifically a t  the 

Sun and a t  the E a r t h ,  so that it is stabil ized i n  space.  

On September 29th - -  it says  September 28th here;  I think actually it was September 
29th -- w e  had another problem in the stability of ou r  spacecraf t .  
been indicating that the s ignals  i t  w a s  receiving by ref lected light f rom the Earth were 
weaker than we had expected. We  believe this  to  be some so r t  of an instrumental  problem. 

But the signals got progressively weaker until, on September 29th, w e  actually lost  the rol l  
control of the spacecraf t ,  and again it s tar ted to roll .  It only rolled momentarily for  a few 

minutes,  and then it came back again onto the Earth,  and this  t ime,  for  reasons  which are 

not very c l ea r  to u s  even yet,  the Ear th  sensor  proceeded to  give the co r rec t  calculated 
value of the signal. 

which is a telescope and photocell, in some way was locked onto some s o r t  of a ghost 
image inside of the telescope, and that a f te r  the disturbance it came back on where it should 
have been all along, and the Ear th  sensor  then proceeded to give i t s  co r rec t  signal. 

The Ear th  sensor  had 

So that we believe that what must  have happened was that th i s  device,  

Since then it has  worked cor rec t ly ,  except that as we have been approaching the planet 
the tempera tures  have been r is ing because we have been getting c lose r  to the Sun, and there  
has been some los s  i n  sensit ivity of the Eai.ih senso r  within the las t  few days. 

The next event which disturbed u s ,  on October 31st, we had an electr ical  short. develop 
in one of the solar panels. 

experiments  and just  lef t  on the engineering measurements ,  and wanted to analyze the problem 
to s e e  what w a s  happening. 

Shortly after this  had been observed w e  turned off the scientific 

After about a week the short  c leared  i tself .  We turned the science back on, and every-  
thing was normal  for  about another  week, and then the short  developed again, and it is s t i l l  
shorted . 

The loss in power which occurred  because of  this  w a s  not sufficient to put u s  in  se r ious  

trouble. 
properly and the complete vehicle has  operated properly in sp i t e  of this  e lectr ical  short .  

We had sufficient redundancy in the system so that the power system has  operated 

On November 25th we were about 22.5 million mi l e s  from the Earth.  A t  this  t ime w e  
claimed a communication record.  It is interest ing to  note that the previous communication 
tn this  distance w a s  done by the U.S. probe Pioneer  V, which was launched in the spr ing of 

1960. Signals were  lost  on Pioneer  V a t  about that distance. And then, today, of course ,  

we a r e  now in the fly-by mode. 

I would mere ly  comment that the distance,  a s  Dr. Newel1 said,  the distance from the 

planet was about 24 ,600  mi les  a t  two o'clock, and It is supposed to be about 21, 100 mi les  
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at three o'clock. 

to be following v e r y  closely along the predicted approach to Venus. 

The information which I have f r o m  Pasadena is that t he  spacecraf t  s e e m s  

S E A M A N S :  Bill, 1 would l ike to personally congratulate you and a l l  the members  of 

your  very fine team at J P L .  

PICKERING: Thank you very much. 

SEAXIANS: Next on the agenda we have Mr. Cortright. Zlr. Cortright was in charge 
of o u r  lunar  and planetary program h e r e  in Headquarters before becoming the Deputy Director 
for  the total space science effort under Dr.  N e w e l l .  

Z l r .  Cortright.  

CORTRIGHT: Thank you, Dr.  Seamans. 

Ladies and Gentlemen: I have the g rea t  pleasure of saying :I few more  words about the 
team that did the job. 

During thc las t  few w e e k s  of the \\lariner mission I havr been repeatedly asked by you 

and your colleages:  who was responsible fo r  th i s  project. 
of answering this question. 

Tod'iv I ,in> taking the opportunity 

The answer  i s ,  simply: no one person,  '1s you might suppose. \T'iririer 2 w,is  '1 

product of a great  team effort. 
the well-integrated government, university, and industrial  t enms which w e  a r e  now rmplo? mg,  
the exploration of space might never  be successfully accomplished. 

This  is not mere ly  a t r i t e  but true-type answer.  IYithout 

The basic e lements  of the Xlariner 2 team a r e  i l lustrated in a chart  which I have he re .  

You  can't read i t ,  but you will have an opportunity to look a t  it l a t e r .  
can not begin to do justice to the number of people who played a par t  i n  th i s  project .  

L'nfortirnately the chart  

Responsibility for the overal l  management of the national program !or planetary 

exploration, of which Mariner  2 is a par t ,  has  resided within N.4S.A FIeadqiiarters, and i n  

particular within the  Office of Space Sciences. 

Execution of the l l a r i n e r  2 project has  been the responsibilitv of thf Je t  F'ropulsion 
Laboratory,  of the California Institute of Technology. 

A s  Project  Manager, J P L  has  been responsible for overal l  tcchiiiral direction ,ind 
coordination of the th ree  sys tems managers :  for  launch vehicles,  spacecraft ,  and tracking 

and data acquisition, these th ree  main groups of people shown on the ch'irt. 
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JP1, designed the Xlariner s p a t  eeraf t ,  fabricated o r  proc.ured components f o r  i t ,  and 

assembled and checked (jut the flight hardw‘ire. 
through 109 days  that would make  the “Perils of Pauline” look like ;I nursery  story.  

In addition, JT’I, has  mothered the Xlariner 

.As the spac,ecr;ift sys t ems  manager ,  J P I ,  was supported by 3 4  subcontractors  and 
ove r  1, 000 suppl iers  o f  par ts .  A l l  told, approximately 1, 200  man-years ,  m d  $25 million 

went iiito the development and fabrication of the \ l ; ir iners I ,ind 2. 

As sys t ems  rnanngcar- of the tracking .ind d:tt<i ‘ tcquis i t ion system, JPI. w‘is  

by the Hendix FLidio Corporation ,it the (;oldstone (Californi%i) antenna sit(., by  the. South 
A f r i c  d i i  Council for Scientific. licsen rch,  Lit Johannesburg, South 4f r ican  4ntenn:i site; .ind 

by the r\iistralinn Ikpa r tmen t  o f  Supply <it the Woomera ,  4ustr,ili,i, 5ite. 

1)iiring i t s  flight the i1arinc.r. h,is L irtu,illy monopoliaed these fac,ilities, requiring 

:in in\~estmtxnt of ~1 )uu t  6 0  rnnn-ycxars ,ind 2.2. 5 millictti. 

And I might pause .it this t ime to injt” t nn intrrt‘st lng I?<Jte, thLit the editing equations, 

which were tnurh disc-ussed a f t e r  the fnilurc o f  Zlariner 1 were +ut)sequently very well 
eorrec ted .ind we're c%alled into play during the Xlariner 2 1,iunc h.  

The Z A S A  1,aunch Operations (’enter t eams  with the A i r  f o r c e  and i t s  ~ o n t r ~ i c t o r s  i n  

the launch preparat ions and launch. 

m o r e  than one month a f t e r  thv unsuccessful attempt to launch the f i r s t  XT‘iriner, tht 
setting some  s o r t  of .i r 

pcwpl e who m ,xde t h,i t po s sible . 

This  group siiccet%ded In launching ‘\T,iriner 2 in l l t t le 

ord for turnaround t i m e  on the pad at  4X1K.  It is :i (,redit to a l l  

The numbers  of  sirticontr:ictors and “-kippliers f o r  the 4 t l a s  Agen:i Liunc h vehlc,lt. w , i s  

t‘\e*n grc‘iter than for the cpa(’rrnft .  Some 1, 100 man-years ,  m d  q l 9 .  5 million, were  

<.xpendrid on the l,*iinch vehi r , le  phase of this effort. 



ELren th i s  over-simplified picture begins to  convey, I think, the iiatiotml atid (’11 

international scope of the team effort involvpd. 
that held th i s  team together,  each of the thous;trids of  participants plnyfd a nec.ess,iry and 

perhaps even crucial  role.  I find it now ;a s e v e r e  temptation to single out key itidividiinls 

at a t ime like this ,  s t a r t i ng  with the JPI, Planetary Program llnnager,  Rob  ‘ t 3 n r k s ,  ‘itid the 

l l n r i n e r  Project  l l anage r ,  ,Jack J a m e s ,  who, ,it th i s  moment, ‘irt” busily niasterrr i inding the 
Vcnus fly-by. 

Although key iridividuals prot ided t h e  g lue  

Proceeding down the l i s t  of important individual contributors,  I would t ’ i i n  out of t ime 

before I would r u n  out of names.  Rather,  let m e  close with this thought: 

V a r i n e r ,  and i t s  launch vehicle, c.ontain thousands of p a r t s  that had  to worh, ntid did.  

Thoiisands of  people had ;I hand in this .  

p1,inned an experinivnt, dt,signed :t < ircuit, doublc checked :I component, t i g h t e n e d  .i nut, o r  
typed A l e t te r ,  they ~ ’ ~ i i  be justly proud u f  thvir  ro l r  in making this little b i t  of h iq to r?  ( O R ~ V  

t rite. 

Whether they managed the projet t ,  k i g i i 4  .I c ~ o n t r a c t ,  

Thank yoti. 

Ed, I a m  glad that thcy did not cxplode; a t  lpast  not until aftcr thc passage. 

In closing t h c  formal par t  of th i s  press conference, I would l i k e  t o  t a k e  not(, o f  t h r a  

presence of M r .  M a x w e l l  Hunter, w h o  is sitting in the f ront  r o w ,  w h o  is herc  rvp rcs (~n t ing  
Dr.  F:dward W e l c h ,  Stbcrctary of thc  Space Council. 

W e  will now have J 9-minute rtJc.ess, <it whivh t imc we will h e a r  the 21,1riner 2 :Ig<iiri, 

and then we will have thp yuestiort ~ t n t l  itiswe1 period. 
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w i l l  be talking t o  JPL,  t o  Mr. ,T. N. J a m e s ,  who is Mariner  P ro jec t  Manager fo r  the  ,Jet 

Propulsion Laboratory,  for the  latest  information. 

PICKERINC;: Ladles and gentlemen, we will have a signal f rom Vcsniis tiirned on 

again. 

signal. 
to this room. S o ,  Pasadena, can you turn on the  signal again, pleasec) 

I would l i k e  to make the point, incidentally, that th i s  is not a c.;lnned reLording of the 
This  1s a s  it is a(-tually being received in Pasadena, then sent over the wire he re  

(The signal f rom the  spacecraf t  Mariner  2 was heard via , J f ' l . ,  Prts<idcna, ('nlifornia. 1 

PICKEKING:  .kt th i s  t ime  the spacecraft  is a t  i t s  i losest  dist,in( 6 %  tcj \.7c,niis, about 

21, 000 mi l e s  from the surface. 

I would like to comment,  incidentally, that the spnc ec r,ift t r -an  rred from the c ru ise  

mode to the encounter mode th i s  morning a t  about 8:45, out t ime. 

measurements  being made by the spacecr,ift.  During the L r u i s t J  niode w e  are nidking enqi-  

neering measurements  of t h e  perform'inc r of the sp,icecratt,  and W P  'ire r - ~ c  ording .ipprop- 

r i n t e  scientific me, isuremt~nts  for t h r  intrrplnnetary envirc,nmcnt. 

This is ;L chcinge in the 

Dur ing  th i s  {'riiise mode we turn otf the engineering t n f ~ ~ s u t  e3rnvrits 'ind t irn ( I I I  the 

additional radiomcster meLisurements . IS  we g o  by the p1nnt.t. 

The turn-on to the tnc ounter mod<> W'IS  p r o g r , ~ m t n t ~ d  to  take pl , i re  automatically 
about midnight last  night. 
Goldstone t h i s  morning, ~ n d  the turn-on W ~ S  effectpd. 

It did riot Like. pl'ice autorn,itic. a l l \ ,  arid so 'i sign<Il w ' i s  'e ' i t  from 

,Just a s  a m a t t t r  of in tc rcs t ,  that signal took about thrvf. minuttBs to  go <tach w a y .  

that a f te r  the  command was given, it was  a lmost  6. 5 rn1nutt.s btxforc the si)nccxcr.aft c'arnt' 

back and said,  "Okay, I htBard you, I t u r n c ~ l  it on. " 

t o  n m ~  th is  morning. 

S o  

l n d  it was t u r n r ~ l  on thc.n about a quartcr  

I think w e  can have the tone off now. I would likt. t o  ask .Jack ,Janit.s, in Pahadtma: 

Jack a r e  you on the lincx7 

J I R I E S :  Yes, Dr. Pickcring. Can you hea r  m e ?  

P1CE;F:RISG: Yes, I can h e a r  you. Llaybe you should t a lk  up a littit, so  we can gct  it 

against  the room noise out here .  

.J.ZMf:S: V e r y  well. €IOU. is t h i s 3  
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PICKERING: That is fine. 

J ack ,  I w o u l d  l i k e  to a s k  you how things a r e  going o u t  there;  how are  y u u  f e e t i n g  o u t  
thc>re i t 1  Pasadena”  

JA’LlES: The spacccraft is working very  w e l l .  

PI<’KERIN(;:  It is w o r k i n g  Lery wtbll. Th:it is good. 



EPD-129 

,l.%\lES: Yes, s i r ,  t ha t  is correct .  

JAX’IES: Y t . s ,  sir, t h a t  is r igh t .  



PICKERING:  Okay .  T h a n k  you v e r y  m w h ,  J t i (  k .  I .in? b e r y  pleased i n d r t ~ d ,  ind 

cer ta in ly  give my  personal  congratulat ions to  
: ich ic \  csimt,iit.  

, JA\ IES:  T h a n k  you,  sir.  
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PICKERING: Yes,  indeed. Y e s ,  we a r e  conducting a Venus r a d a r  expe r imen t  also 
out a t  Goldstone, in which we a r e  sending  r a d a r  s igna ls  to  the planet Venus, and rece iv ing  

the  echoes  f rom the  planet.  

This  was  f i r s t  done a y e a r  and a half ago  when Venus was  c lose  to the Ea r th ,  re la t ively 

c lose  t o  the Ear th ,  and s igna ls  w e r e  rece ived  a t  that  t i m e  which enabled u s  to m e a s u r e  the  

d is tance  t o  Venus ve ry  prec ise ly .  

This  m e a s u r e m e n t  resu l ted  in the calculat ion of what is known a s  the a s t ronomica l  

unit which, i f  you l ike,  is a s o r t  o f  a srnle  fa( t o r  fu r  the solar +ystern. It was very  i m p o r -  

tant to us because  of the f ac t  that  when we w t > r ~  , t iming a t  the  planet V e n u s ,  0 1  c o u r s e  we 
had to know where  to a i m ,  and how f a r  to t r ave l .  

measu remen t  ot t h i s  d i s tance  a n d  the mcn.  
of a s t ronomica l  c a lcu la t ions  would h:ii e becan <ibout 50, 000 miles  a t  the  planet Vc.nus. 

"ind the difference between the r a d a r  

rcmcnt  made t w  the  a s t r o n o m e r s  on the basis 

The 1nc'ir-urenients which we <ire making th i s  y e a r  ' i re  '1 ref inement  o f  the  m e a s u r e -  

m e n t s  which were  rn,ide a y e a r  and A half ago,  and w e  a r e  a t tempting to get  rnform;ition o n  

the rotation of the  p1, inr t  Venus , ind r)erhaps .some inforni'itron about the tintiire of the  s u r -  
face by Iooking  at theqe reflc3cted s igna ls .  

Int-identally, I was  in te res ted  .ind amused  to s e e  a memorandum go around the l abora -  

to ry  

t h r e e  o ' c ~ l o c k  t h i s  Lifternoon" so that the r a d a r  me ; t su remen t s  would not get  t hemse lves  

confused. 

couple of days  ago which d ,  "We . i re  hereby  request ing radio s i lence  o n  V c n u s  a t  

QUESTIOY: Can ,inything be sa id  ,-it t h i s  time about  the phvsical condition o f  the  s p a c e -  

c ra f t  ? .4 nyt hing A bo ii t the  tern pe r R t u re s e nc ( m t E red  

f J I C K E R I S G :  The  t e m p e r a t u r e s  were being measu red  up until w e  swi tch td  into th i s  

The t e m p e r a t u r e s  which were  measu red  w e r e  somewhat  higher- than we encounter  mode .  

had bt,fore wc left the Ear th .  0 0 Thev ranged in the  general  rea of 1-10 o r  150 F. 
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MITTAUER: May I interrupt,  gentlemen? We a r e  going to have to repeat the questions 

for  the people in California. They can not hear  the question. 

QUESTION: D r .  Pickering, how long before data can be analyzed which may o r  may 
not indicate some form of living organism on Venus? 

PICKERING: It w i l l  be several days,  o r  maybe weeks, before we a r e  really able 

to analyze the data which we have received. 

Of course,  i f  the cu r ren t  best  theory that the surface of Venus is at  a temperature  

of 600° F, i f  that theory is co r rec t ,  I don't think w e  can expect any living organisms,  a t  

least  of the type which w e  know. 

QUESTION: Could you repeat the answer to that question, please7 

PICKERING: The question concerned when would w e  be able to analyze ou r  data to 

know whether o r  not w e  had any evidence for life on Venus. 

I w i l l  answer the question in two ways: One, that the t ime required to analyze the 

data will be certainly days,  and probably w e e k s .  

The question a s  to whether o r  not the data will say whether there is life on Venus o r  not, 

the data is not really expected to answer that question. However, i f  the data confirms the 

present theory that the temperature  of the surface of Venus is around 600' F, then I must  

surely conclude that life a s  we know it could not exist on the surface of Venus. 

QUESTION: I s  t he re  anything in the data you w i l l  get that will enable you to  deduce 

the presence of oxygen in the atmosphere of Venus? 

PICKERING: The data wi l l  give u s  indications of carbon dioxide o r  of water vapor, but 
not directly of oxygen. 

QUESTION: D r .  Pickering, some of this other data like magnetic fields and cosmic 
dust ought to be reducible fairly quickly. Can we have that this evening, do you think? 

PICKERING: The question is whether you can have any data this evening. I will have 
to a s k  the boys out in Pasadena. 

this evening. 
But I don't think there  is going to be much data available 

I think they probably have other plans. 

(Laughter. ) 

A-23  
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QUESTION: Can you te l l  m e ,  p lease ,  whether  you plan to  t u r n  off the radio equipment 

on Mar ine r ,  and when th i s  will be done. 

longer  per iod of t i m e ?  

Whether you plan to keep it broadcast ing for  a 

PICKERING: The  question is whether  we intend to turn  the radio equipment on Mar ine r  

off. 

W e  will  cer ta in ly  tack it fo r  some  t ime  beyond the planet ,  as f a r  in fact  as we can. 

We would l ike to  not only continue the  m e a s u r e m e n t s ,  but a l so  to  continue the exper iment  of 

the per formance  of the spacecraf t .  

The thing which is probably going to happen is that the  spacec ra f t ' s  Ea r th  s e n s o r  will 

l o se  cont ro l  a f t e r  a per iod of perhaps  days ,  pe rhaps  weeks.  

begin to  ro l l ,  and f rom then on very  l i t t le  data  will be receivable .  

At that  t ime  the spacecraf t  will 

Of c o u r s e ,  the d is tance  which the spacecraf t  ge ts  f r o p  the Ea r th  goes up t remendous ly  

as  i t  goes around t h e  Sun. 

the orbi t  a s  i t  went on around the Sun. 

four  hundred days.  

A s  a m a t t e r  of fact ,  I think w e  have a cha r t  h e r e  which showed 

It will have a per iod in the genera l  o r d e r  of about 

It will actual ly  go outs ide the  E a r t h ' s  o rb i t  and will not come  c lose  to the Ea r th  for  -- 
The c loses t  it ge ts  we have not c a r r i e d  th i s  out very  fa r .  

to  the Ea r th ,  I think, is about for ty  mil l ion mi l e s .  

W e  have c a r r i e d  it once a round.  

QUESTION: Don't you have to  eventually,  shut  off the  r ad ios  anyway for  r easons  of not 

c lut ter ing up space7  

PICKERING: I think the s igna ls  f rom th i s  pa r t i cu la r  probe a r e  so weak that  w e  a r e  

not real ly  in much danger  of c lu t te r ing  up the spec t rum.  

QUESTION: Dr .  P icker ing ,  I wonder i f  you could a sk  the people out a t  Pasadena  

whether ,  f rom a quick glance a t  the  data  coming in ,  they could give u s  any indication of the 

t e m p e r a t u r e s  being recorded  a t  the  s u r f a c e ?  

PICKERING: I don't think I want to  ask  them that,  because  I am sure they can ' t  real ly  

give u s  that  yet .  It depends on d is tances  which have to be fed 

in,  and the geometry  of thc orb i t  a s  it goes  by, and things of th i s  s o r t .  

cer ta in ly  too ea r ly  to  expect  any suvh reading as that .  

Th i s  data  h a s  to he reduced.  

I think that it is 
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I think the  reading  which would Lome out mos t  quickly will be :I magnetometer  reading.  
That will be the f i r s t  s o r t  of thing which w e  might expect ,  A S  to whethvr o r  not t h e r e  is 

any magnet ic  f ie ld ,  any detectable  magnet ic  field.  

1IITTAlJEK: '\lay we in te r rupt  Washington fo r  a couple of quest ions f rom the West 

Coast  

F i r s t ,  how far beyond Venus does  it appea r  l ikely that communicat ions from l l a r i n e r  

will be useful7 

P I C K E R I N G :  The  quest ion is how f a r  w e  can  go beyond Venus. 

Assuming that  the spacecraf t  continued to  ope ra t e ,  and be s tab le ,  so that the high-gain 

antenna is pointed 'it Ear th ,  we could probably go o u t  to a dis tance  of ,ibout twice the  prpsent  

d i s tance .  

'LIITTAI'ER: I have one m o r e .  

Regarding the s ignals  just  hea rd  - -  the ones  <it t h r e e  o 'c lock from \Tanner  - -  was the 

switc~hing of d a t a  channels  de l ibera te ly  p rogrammed  to  sound melodic  

PIC K E  RI N C; : N o .  

QUESTIOU: Dr.  P icker ing ,  i f  we can get  to Venus -- I don ' t  know how t o  put i t .  If 

w e  can  get to  Vt,nus, why can ' t  we get to the lLloon3 

P I C K E R I N G :  W e  can. W e  will. 

QUESTIOU: Any hot su r face  - -  o r  cold su r face ,  fo r  that  m a t t e r  - -  is radiat ing 

ene rgy  a t  a number  of different  wavelengths,  including wavelengths i n  the inf ra red  and in the 

mi l l ime te r  pa r t  of thp spec t rum.  S o  a l l  we rea l ly  do is put 2 sens i t ive  r e c e i v e r  a t  the focus 

of a l i t t le  te lescope  o f  s o m e  s o r t ,  and we j u s t  read  the ttsinpt.rature thfn  o f  that l i t t l e  r ece ive r .  

This  is the  same s o r t  of thing that  a s t r o n o m e r s  do od the l?,irth with in:rnred d e t r c t o r s  a t  the 

focus of t he i r  t e lescopes ,  o r  that  the radio zis t ronomers  do when thev look for  rad io  noise  

f rom the Sun, cay .  

spec'trurn coming f rom the Sun, jus t  hecause of the t h e r m a l  radiation. 

they a r e  measu r ing .  

They obse rve  s ignals  i n  the rnillimE'tt'1. and c r n t i m e t e r  par t  of the 

Th i s  is i n  effect  what 

QVESTIOA: Esc.tise m e ,  on twice tht. tfistanc e beyond L 'PI IUS,  do yoki mean 7 2  mil l ion 

m i l e s  essentially " 
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PICKE RI \G : App roximat ely , yes .  

In o the r  words  -- let  m e  put it t h i s  way: the present  s ignal  s t rength  that i s  being 

received a t  o u r  s ta t ions  is about -150 dbm - -  150 dec ibe ls  below a mill iwatt .  

sensi t ivi ty  of the s ta t ions  is not rea l ly  known but i t  IS cer ta in ly  a t  l eas t  a s  low a s  156, o r  

maybe even lower  than that .  

twice as f a r .  

The  l imit ing 

And the re fo re  we should be ab le  to get m e a s u r e m e n t s  a t  l eas t  

QUESTION: Will any of the data  f rom Xlariner help reso lve  the  Soviet-U.S. problem 

on rotation of the planet;  and what is the bes t  guess  of the rotation now7 

PICKERING: Let  m e  make  a parenthet ical  comment  h e r e ,  that  a t  the las t  opportunity 

when Venus was  in conjunction with the Ea r th ,  and Venus r a d a r  expe r imen t s  were  pe r -  

formed,  you r e m e m b e r  that  in th i s  country XIIT and ou r se lves  each  conducted r a d a r  

exper iments .  In England, S i r  Be rna rd  Love11 conducted one.  In Russ ia ,  Kotelnikov and 

some  of h i s  people conducted an  exper iment .  

reasonably good ag reemen t ,  a f t e r  an  ini t ia l  d i sagreement ,  were  i n  reasonably good ag ree -  

men t  a s  f a r  a s  the range to  Venus was  concerned.  

The  r e su l t s  of t h i s  exper iment  were in 

The Amer ican  da ta  and the Russian da ta  w e r e  in d i sag reemen t  as to  whether  the da t a  

showed any evidence fo r  <I rotation of the planet Venus. T h e  Russ ians  sa id  that t he i r  da t a  

indicated a rotat ion with a period of about 10 Ea r th  days.  The  Amer ican  data  showed a 

rotation r a t e  very  much lower ,  and s t rongly suggested that  Venus kept the s a m e  face  always 

pointed toward the Sun. 

The data  which w e  a r e  receiving a t  Goldstone with o u r  Venus r a d a r  experiment  t h i s  

y e a r  cont inues to be suggest ive of a very  slow rotation r a t e  of the planet Venus. 

It m a y  tu rn  out that  the r ad iomete r  m e a s u r e m e n t s  on the da rk  and light s ide of Venus 

situation may  give some  c lues  f rom t e m p e r a t u r e  d is t r ibu t ions  a s  t o  whether  t he re  is such 

where  one  s ide  is always facing the Sun. I don ' t  know. It is a very  in te res t ing  possibil i ty.  

QIIESTION: I s  t h e r e  anything i n  your  s e n s o r s  which might pick up t empera tu re  leve ls  

off the su r face  of Venus, up in the  a tmosphe re  somewhere  which would indicate leve ls  

conducive to some  life f o r m ?  

PICKERING: Yes.  In effect  we will get m e ~ s u r e m e n t s  f rom cloud l a y e r s ,  depending 

on the na ture  of the clouds and the na ture  of the g a s e s  present .  

ing carbon dioxide 'tnd wa te r  \zipor absorp t ions ,  one will get  c lues  a s  to  the t e m p e r a t u r e  
dis t r ibut ion above the su r face .  

and some of the m e a s u r e m e n t s  of the planet Venus. 

In o the r  words,  by m e a s u r -  

l l i ich th i s  s a m e  s o r t  of thing h a s  been done f rom the Ea r th  

finaly-'.is of the s o r t s  of t e m p e r n t i i r ~ ~  
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to  be encountered a t  the cloud banks indicate much m o r e  reasonable  t empera tu res .  

QUESTION: W i l l  you get  a gradat ion,  a be t t e r  gradat ion than you have been ab le  to 

get before  a t  var ious  levels 9 

PICKERIKG: L e t ' s  s ay  w e  will get  m o r e  of a spa t ia l  dis t r ibut ion,  r a t h e r  than 

In o the r  words ,  the data  whlch voii can  get f r o m  the  necessa r i ly  a f iner  total  dis t r ibut ion.  
Ea r th  can  be conducted with m o r e  e labora te  ins t ruments ,  but can not reso lve  d i f f e rences  

a c r o s s  the face  of the  planet.  

of the  Ea r th  i n t e r f e r e s  with the measu remen t s .  

And a l s o  can  not make  m e a s u r e m e n t s  in which the a tmosphere  

What we a r e  gett ing with these  exper iments ,  then, a r e  the f i r s t  d i r ec t  m e a s u r e m e n t s  

n e a r  the planet which will give u s  a sweep a c r o s s  the sur face .  

Obviously the in s t rumen t s  aboard  th i s  pa r t i cu la r  spacecraf t  a r e  not near ly  as e labora te  
a s  one would l ik? to  have in future  exper iments .  And I hope that we will have future  expe r i -  

men t s  with a wider  var ie ty  of i n s t rumen t s  to give u s  m o r e  of the kind of da ta  you a r e  looking 

fo r  now. 

QUESTIOX. Can you te l l  u s  what your  plans a r e  for  l l a r i n e r  in 1963 and the kinds of 

things we will be looking f o r ?  

PICKERING: Xlariner in  19639 No.  The next opportunity fo r  Venus is roughly a y e a r  

and a half f rom now, so it will  o c c u r  in the e a r l y  pa r t  of 1964, and we do intend to have an  

additional exper iment  of the  planet Venus a t  that  t ime ,  and then the planet \ J a r s ,  when w e  will 

have an  opportunity towards  the end of 1964. 

MITTAUER: 1 would l ike to  in te r rupt .  T h e r e  a r e  a couple m o r e  quest ions f rom the 
West Coast ,  if I may.  

QUESTION: J P L  sc i en t i s t s  have said they should have a rough indication within minutes  

a f t e r  encounter  a s  to  whether  Venus is a s  hot a s  it i s  supposed to be.  Do you have any r e s u l t s ?  

PICKERING: The  a n s w e r  i s ,  somebody said we would get an indication within minutes .  

That  was  a l i t t l e  bit  opt imist ic .  

QUESTION: Some 8 . 5  mil l ion m e a s u r e m e n t s  were  taken. H a s  t h i s  proved of  value to  

the Department  o f  Defense in calculat ing i t s  d i s tance  es t imates ' )  If so,  how7 

PICKERING: I don ' t  rea l ly  understand the question. 
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A s  f a r  a s  the measu remen t s ,  which have been made en  route  to  V t r i u s ,  these  a r e  
p r imar i ly  scient i f ic  measuqemen t s  of the interplanetary phenomena which a r e  occur r ing  

out in space  between the planets. A s  f a r  A S  dis tance  measu remen t s  i n  the so l a r  sys tem a r e  

concerned,  the r a d a r  measu remen t ,  com\)ined with the data  from th is  p a s s  nea r  Venus, w i l l  

indeed give u s  very  much m o r e  refined information about the whole geometry of the s o l a r  

sys tem.  

X‘IITTAUER: I have one m o r e  f rom the West Coast .  

QUESTION: Can you predict  the d is tance  f rom Ear th  that r a d a r  will nolonger  be able  

to t rack  the spacecraft‘) 

PICKERING: I a s s u m e  this  question r e l a t e s  to the one we had before:  namely, w e  a r e  

not real ly  t racking  by r a d a r  but w e  a r e  looking for  s ignals .  

spacecraf t  continued to  opera te  fo r  a dis tance  of a t  l eas t  twice the present  dis tance.  

W e  could h e a r  s ignals  if the 

QUESTION: Could you te l l  u s  a l i t t le  bit m o r e  about th i s  as t ronomica l  unit? Y o u  sa id ,  

as I reca l l ,  that the r a d a r  e s t ima tes  w e r e  a thousandmi les  different f rom the as t ronomica l .  

W e r e  they longer  o r  s h o r t e r ,  and what is the plus o r  mini is3 How c lose  a r e  they3  

PICKERING: The as t ronomica l  m e a s u r e m e n t s  a r e  made ,  of cour se ,  by observa t ions  

with te lescopes  from the Ea r th ,  and the re fo re  involve essent ia l ly  measu remen t s  of angles  

f rom the Ear th ,  and from those calculat ions of the path of the var ious  planetary bodies and 

of the d is turbances  in the i r  path. 

ment o r  velocity m e a s u r e m e n t  and ve ry  much the c l a s s i ca l  r a d a r  method. 

The r a d a r  measu remen t s  a r e  of  d i r ec t  range m e a s u r e -  

The two methods give measu remen t s  which differ  by seve ra l  t i m e s  the es t imated  

probable  e r r o r s  in each  method. 

- -  y e s ,  I think it is l a r g e r  - -  than the as t ronomica l  one. 

journey to Venus, the d i f fe rence  would have been of the o r d e r  of 50, 000 mi l e s .  

which w e  e s t ima te  the r a d a r  measu remen t s  to  have is something like 500 mi l e s .  

which the a s t r o n o m e r s  give f o r  t he i r  measu remen t s  is something like t h r e e  o r  four  t i m e s  that 

value. 

The r a d a r  measu remen t s  give a l a r g e r  d i s tance  than the 

F o r  a journey,  such <is this  

The accuracy  

The es t imate  

I don’t r e m e m b e r  the exact  value. 

QUESTION: I want to  go back. 

I s  the last signal you wi l l  send to  ‘ I lar iner  2 to shift it into the rriiise mode ‘) That will 

be the l a s t  s ignal  sent  3 

PICKERING: We w i l l  Fend a signal to put i t  back into the c r u i s e  mode.  Hut that  is not 

The re  a r e  necessar i ly  the las t .  We can  keep on sending commands  to it of var ious kinds. 
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obviously a l imited number  of things you can  ask  it to  do. 

put i t  into c ru i se .  

This  i s  the next planned signal, to  

QUESTION: It is not necessa r i ly  the l a s t7  

PICKERING: To, not necessar i ly .  

QUESTION: Would you sat isfy my cur ios i ty :  Which took longer  to  rece ive ,  the s ignals  

f rom Pasadena to Washington, o r  the s igna ls  f rom XIariner to Goldstone? 

PICKERING: The s igna ls  f r o m  Mar ine r  to  Goldstoqe took about 3-1 /2  minutes .  The 

s igna ls  f rom Pasadena  to  Washington I think took a f ract ion of a second. 

A s  a m a t t e r  of fact, if one wants to think about the sca le  of t h i s  dis tance,  you real ize  
Out to  that a t  the velocity of light you go around 7 -1 /2  t i m e s  around the world a second.  

Mar ine r  now takes  about t h r e e  and a half minutes .  

QUESTION: Dr.  Pickering,  th i s  question may  have been asked while I was out. Can 

you te l l  u s  now at what t i m e  today you wi l l  be able to  give us an exact  dis tance of the c loses t  

approach? 

PICKERING: No, I a m  s o r r y  I can’t  give you that. I know that they w i l l  t r y  to  get it 

out of Pasadena a s  soon a s  they can.  Rut  w e  have got to allow t ime for  the data  to  be analyzed. 

QUESTION: Do you think it w i l l  be available today, sir7 

PICKERING: I r a t h e r  doubt i f  it w i l l  be  today. A t  l ea s t  la te  th i s  evening, perhaps.  

QUESTION: Dr.  P icker ing ,  can  you compare  this  Amer ican  accomplishment  with the 

Russian M a r s  a t tempt  in t e r m s  of re la t ive difficulty and the amount the Russians may l ea rn  

about M a r s  in re la t ion to  what w e  have learned7 

PICKERING: Y e s .  The re la t ive  Russian a t tempts  to  the planets, the Russians launched 
a Venus probe at the l a s t  opportunity, in Februa ry  of 1961. 

that  probe a few days  a f te r  launching. 

somewhat l a r g e r  than Mar ine r ,  but having some  resemblance ,  conceptual resemblance  a t  

l ea s t ,  to o u r  spacecraf t .  

They lost  communicat ions with 

The descr ipt ion of the probe was of a spacecraf t  

The V a r s  probe is reportedly a considerably heavier  probe than o u r s ,  with a reported 

weight of about 2, 000 pounds. 

s ignals  are being received,  o r  what the quality of the s ignals  may be. 

I have seen  very  l i t t le  data  published a s  to what sorts of 
In o r d e r  to come  
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anywhere reasonably close to the planet Mars,  a mid-course maneuver will have to be effected 

by this time. 
I have seen no report .  

I don't know whether the Russians have reported such a mid-course maneuver. 

When the Mars probe gets near  the planet, apparently the plan is to have it take 

photographs s imi l a r  to the photographs which were taken by Lunik 111. 
developed and scanned by an electrical  facsimile system to send the signals back to the 
Earth.  

These will then be 

1 saw one report  which said that this t ransmission back to-the Earth would occur af ter  

the probe had passed the planet and had returned to the general vicinity of the Earth.  

this is the plan, it w i l l  be probably a yea r  o r  a yea r  and a half before the probe comes back 
nea r  the Earth.  

If 

/ 

WEBB: Gentlemen, we have been here  a long t ime. We have no des i r e  to cut this 

short .  
ought to feel perfectly f ree  to do so. 
Those of u s  l i k e  Dr. Newell, D r .  Pickering and others  w i l l  be he re  for  another period of 

t ime for those who want to stay.  But in looking around I am sort  of impressed that maybe 
some people don't want to stay. I think anyone who would like to go certainly ought to feel 

f r ee  to do so. 
interested have. 

I think it might be well to say that anybody who has  to go, o r  wants to go, certainly 
I know it is your prerogative to close this conference. 

We w i l l  stay he re  long enough to t r y  to answer the questions that those really 
So I think any of you ought to feel perfectly free to go. 

QUESTION: M r .  Webb, am I co r rec t ,  have you received any communications in  the 

last hour from your Russian counterparts,  w w d s  of congratulations on this feat, and do 
you have arrangements  to sha re  the data with the Soviets as quickly a s  possible7 

WEBB: On the f i rs t  question, I am aware of no message that has  been received. 

On the second part ,  w e  a r e  sharing he re  with them, a $  well a s  the r e s t  of the world, the 
total of what w e  know now. 

ments were working correct ly .  
That is, that the probe has  passed Venus, that all  of the instru- 

There wi l l  be preliminary r epor t s  issued with respect to the data received and there  

wil l  be published complete scientific analysis of the data. These will be available to the 
Russians as well as ourselves.  This is a policy of the United States space program, a s  I 
indicated in my opening statement. 

QUESTION: I was going to ask D r .  Pickering a question. H e  s e e m s  to have vanished. 

WEBB: He is probably trying to find out what the data is showing. 
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QUESTION: I have a general  question. Can you say how this Venus probe compares  

with the scientific accomplishment with the flight of John Glenn o r  any of the other a s t ro -  
nauts? 

WEBB: Let ' s  let  Dr .  Newell, ou r  Manager of Space Sciences for the whole United 

States program, answer that, i f  he wishes. 
manned space flight as  well as a space science program. 

He has  been one of the strong advocates of  

NEWELL; I don't know whether to say  thank you for  that one, J im,  o r  not. 

I don't believe that you can compare the two. They a r e  both f i rs ts ,  they a r e  both 

significant, they a r e  both tremendous engineering accomplishments. 

WEBB: One is "first" fo r  us.  

NEWELL: You a r e  right. You a r e  right. They a r e  both tremendous engineering 
accomplishments. 

in space,  and now, of course,  my in t e re s t s  a s  a scientist a r e  showing. 

The John Glenn flight is laying the groundwork for future science by men 

The measurements  on Venus a r e  laying the groundwork for future m o r e  detailed 

analysis of what this mystery planet is like. 

A s  you well know, w e  want to send instruments to the planet to learn more  about i t ,  
and before we can make the spacecraft  to land on the surface,  w e  have got to know whether 
the temperatures  really a r e  the temperatures  that melt  lead. If they a r e ,  the kind of 

spacecraft we have to build is going to be an interesting and difficult one. 

WEBB: Homer,  don't you Want to a lso add that the Space Science Board, you a s  the 
head of our  science program, al l  have clearly indicated that the a r e a s  of science, of scientlfic 

exploration, of the phenomena of the Universe, a m o r e  cIear  definition of the environment, 

can only be completed as Man goes out to participate in the observations and helps suggest 
the measuring instruments to record the phenomena? I think this may have been part  of the 

que stion. 

Could you do this with instruments of the Mariner  type? How much more  can you get 

with Man, o r  think you can ge t?  

NEWELL: That was the point I w a s  trying to make when I said that the John Glenn 

flight is laying the groundwork f o r  manned science in space. 
that Man wil l  have to do when, f o r  example, you get on the Moon. There is a tremendous 

amount that Man eventually will have to do in studying the planets, just a s  he had to do in 

studying the Earth here .  

There is a tremendous amount 
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I think one forge ts  that  w e  have been investigating the  Ea r th  now for  cen tu r i e s ,  and \Tan 

h a s  been the  pr incipal  ins t rument  in  th i s  investigation of the Ear th .  

A t  a d i s tance  f rom Venus of  36,000,  000 m i l e s ,  we have to  u s e  i n s t rumen t s  now because  

we can ' t  send men  the re .  But eventually,  when we can  send  a man  the re ,  w e  w i l l  begin to  

apply to the  study of the planet the techniques and the  thinking and the  d iscernment  that  we 

now apply to  studying the Ea r th  at home he re .  

MITTAUER: Dr.  P icker ing  h a s  s o m e  additional word, and we w i l l  have t ime  for  about 

two m o r e  quest ions.  

PICKERING: I thought you might  be in te res ted  that  Pasadena  just  told m e  that  the 

c r u i s e  mode signal was  sent .  

out and back and s a y  " Y e s ,  we are back in the  c r u i s e  mode". 

I hope that we will get  the word that  it has  been turned  back on to the c r u i s e  mode. 

I t  is on i t s  way out.  It w i l l  take s ix  minutes  for  it to  get 

So a minute  o r  two from now 

A l s o ,  the c u r r e n t  e s t ima te  of the  moment  of c loses t  approach  to Venus was  about t en  

seconds  before  3 o 'c lock .  

QUESTION: At the e s t ima ted  d is tance  of 21 ,  100 m i l e s ?  

PICKERING: The d is tance  e s t ima te  will go up a l i t t l e ,  to  about probably 2 1 ,  500 o r  

2 1 ,  600, something of that  s o r t .  I would l i k e  you to r ega rd  that a s  a very  pre l iminary  e s t ima te .  

I w i l l  make  th i s  comment :  The  es t imated  c loses t  approach  is very  c lose  to the or ig ina l  

e s t ima te  of 21, 000. 

QUESTION: Dr.  P icker ing ,  what kind of expe r imen t s  were  you planning to add to  the  

Venus '64 fly-by, can  you t e l l  u s 7  

PICKERING: This  quest ion conce rns  additional expe r imen t s  of Venus '64. 

No, I don't  think I want to comment  about t h i s  except to  just  s o r t  of make  the obvious 
r e m a r k  that  var ious  re f inements  of r ad iomete r  type m e a s u r e m e n t s  will be the s o r t  of things 

which will probably be the key m e a s u r e m e n t s .  

In o the r  words ,  w e  do not visual ize  te levis ion-type m e a s u r e m e n t s  a t  th i s  t i m e ,  because ,  

as was said e a r l i e r ,  you can  not see the  su r face  of Venus; a l l  you see is clouds.  

a te levis ion p ic ture  of the tops  of c louds wouldn't  be very  excit ing.  

.And gett ing 

When it c o m e s  to  the  Zlars  probe ,  then it m a k e s  m o r e  s e n s e  to talk about te levis ion 

types  of p ic tures .  
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But for the Venus measurements ,  w e  will deal more  with the radiometer c l a s s  of 

struments.  

QUESTION: 1 would like to ask Zlr. Webb whether he can give u s  any information 

rding ou r  knowledge of the current  status of the Soviet \Tars probe. 

transmitting, do we know whether it is on proper trajectory,  do w e  know whether 

Do w e  know wh 

ssians have effected a mid-course maneuver 

WEBB: I am not s u r e  that I can give you any very good information. I have heard 

a number of reports.  

might be said, i f  w e  were going to say anything. 

I would want to consult some of my colleages here  to see  exactly what 

I think it is a pretty safe bet to rely on what they announced publicly about these kinds 

of activities until we know something different. I mean by that, that what they actually say 

has  been a lot m o r e  r d i a b l e  than perhaps what they have not said, and I think I pointed that 

out in the release we made with respect to their  failures in  their  planetary program. 

I believe that i s  all  that I can say at  this t ime. 

A s  I mentioned e a r l i e r ,  w e  a r e  not anxious to close this off. I did want to say one thing 

about this p r e s s  conference. Having been here now 22-112  months, approximately, it s e e m s  

to m e  it is r a the r  remarkable that in every other p r e s s  conference we have had about space 

feats,  particularly those involving manned space flight, w e  have had tremendous emphasis,  

interest ,  questions on the booster,  the capability of rockets, and the tense moments when 

the performance of the rocket was in some question, o r  at  least  our  emotions were very 
much involved. 

It is r a the r  interesting hcre  that we passed v e r y  briefly over  the rather  tremendous 

accomplishment of having the boost capability and precise  control that permitted u s  not only 

to go out with the big booster to r e s t a r t  the Agena and make the injection, but then to fire 

up another very small  thrust  that could change the speed of this vehicle so a s  to change the 
actual approach to Venus from about 225 ,000  miles  to something on the o r d e r  of 21 ,000  miles.  

This indicates, I think, that we a r e  moving into a period when people a r e  going to be 

h more  interested in what the payloads a r e  out to accomplish than they a r e  th r  specifics 

of the boost capacity that makes them possible. 

Perhaps this is a bit of a milestone in that regard,  a s  well a s  the scientific data being 

received, because the space program is not designed to just fly boosters. 

use the boosters to do work in  space. 

It is designed to 
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Are we near  the end? 

MITTAUER:  I believe that concludes it.  I see  no.hands raising. 

Thank you very much, Gentlemen. 

(Whereupon, at  3:47 p .m. ,  the conference w a s  concluded. 
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APPENDIX B 

SUBCONTRACTORS 

The Mariner  Project  is pa r t  of the National Aeronautics and Space Administration's 

lunar and planetary space exploration program. 
fornia Institute of Technology, under contract  t o  NASA, had the responsibility fo r  project 

management. 

The Jet  Propulsion Laboratory of Cali- 

Thirty-four subcontractors t o  J P L  provided instruments and other hardware fo r  Mari-  
n e r s  1 and 2. These contracts amounted to  $6, 500,000. 

The subcontractors were: 

Aeroflex Corporation 
Long Island City, New York 

American Electronics, Inc. 
Fullerton, California 

Ampex Corporation 
Instrum entation Division 
Redwood City, California 

Applied Development Corporation 
Monterey Park,  California 

Astrodata, Inc. 
Anaheim, California 

Barnes Engineering Company 
Stamford, Connecticut 

Bell Aerospace Corporation 
Bell Aerosystems Division 
Cleveland, Ohio 

Computer Control Company, Inc. 
Framingham, Massachusetts 

Conax Corporation 
Buffalo, New York 

Consolidated Electrodynamics Corp. 
Pasadena, California 

Consolidated Systems Corporation 
Monrovia, California 

Je t  vane actuators 

T rans  fo rmer  - r ec t i f  i e r  s for  
flight telecommunications 

Tape r eco rde r s  fo r  ground te lemetry 
and data handling equipment 

Decommutators and teletype encoders 
fo r  ground te lemetry equipment 

T ime  code t ranslators ,  t ime  code 
generators,  and spacecraft  signal 
s imulators  for ground te lemetry 
equipment 

Infrared radiometers 
Planet simulator 

Accelerometers and associated 
electronic modu€es 

Data conditioning systems 

Midcourse propulsion explosive 

Squibs 

Oscillographs for data reduction 

valves 

Scientific instruments 
Operational support equipment 
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Dynamics Instrumentation Company 
Monterey Park,  California 

Rubber Corporation 
ng eles , California 

Glentronics, Inc. 
G lend ora, California 

Groen Associates 
Sun Valley, California 

Houston Fea r l e s s  Corporation 
Torrance,  California 

K e a r  f ott Division 
General  Precision, Inc. 
Los Angeles, California 

Marshall  Laboratories 
Torrance,  California 

Matrix Research and Development 

Nashua, New Hampshire 
Corporation 

Menasco Manufacturing Company 
Burbank, California 

Midwestern Instruments 
Tulsa, Oklahoma 

Mincom Division 
Minnesota Mining & Manufacturing 
Los Angeles, California 

Motorola, Inc. 
Military Electronics Division 
Scottsdale, Arizona 

Nort r onics 
Division of Northrup Corporation 
Palos  Verdes Estates,  California 

Ransom Research 
Division of Wyle Laboratories 
San Pedro, California 

Rantec Corporation 
Calabasas,  California 

Isolation amplifiers 
Operational support 

Spacecraft bat ter ies  

Spacecraft power convers 
equipment 

Midcourse propulsion fue 
tank bladders 

Power supplies for data 
conditioning system 

Actuators fo r  so l a r  panels 

Pin pullers 

Gyros copes 

Magnetometers and associated 
operational support equipmen 

Power supplies fo r  particle 
flux detectors  

Midcourse propulsion fuel 
tanks and nitrogen tanks 

Oscillographs for data 
reduction 

Tape r eco rde r s  f o r  ground te lemetry 
and data handling equipment 

Spacecraft c om mand subsystems , 
transponders,  and associated 
operational support equipment 

Attitude control gyro elcctronic, 
autopilot electronic, and antenna 
s e r v o  electronic modules, long- 
range 

Earth senso r s  and Sun senso r s  

Vc>rification and ground command 
modulation equipment 
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Ryan Aeronautical Company 
Aerospace Division 
San Diego, California 

Solar panel s t ruc tu res  

Spectrolab 
Division of Textron Electronics, Inc. and electrical  connection on 
North Hollywood, California so l a r  panels 

Solar cel ls  and their  installation 

State University of Iowa 
Iowa City, Iowa 

Calibrated gciger counters 

S te re r  Engineering & Manufacturing 

North Hollywood, California sys t ems  

Valves and regulators for  midcourse 
Company propulsion and attitude control 

Texas Instruments, Inc. 
Apparatus Division 
Dallas, Texas 

Trans-sonic,  Inc. 
Burlington, Massachusetts 

Spacecraft data encoders and 
a s s o c 1 at ed o p e ra t  i on a 1 support 
equipment, ground tc lemetry 
demodulators 

Transducers  

In addition t o  these subcontractors, over 1 ,000  other industrial f i r m s  contributed to 
the Mariner Project.  These procurements amounted to over $3,  500,000. 


